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Long,  uninterrupted 
SERVICE  is  the  characteristic  you 
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manufacture. .  .checked  and  cross-checked  by  frequent,  rigid  inspections. 
For  your  further  assurance  of  complete  satisfaction,  every  Tobe  Capacitor  is  rated 
ultra-conservatively.  •  The  Tobe  Oil-Mite  Capacitor  shown  below  is  oil-impreg¬ 
nated  and  oil-filled.  It  meets  Army  and  Navy  immersion  tests.  •  The  ingenuity  of 
^  Tobe  engineers  is  at  your  ready  disposal  in  all  capacitor  -crua# 

\  problems.  Inquiries  will  receive  prompt  attention. 


SPECIFICATIOKS-TYPE  RAL  300  CAPACITOR 

SHUNT  RESISTANCE 

INSULATING  RESISTANCE- 

1000  megohms  or  better 

TERMINAL  TO  CASE  5000  megohms 

POWER  FACTOR _ 002-.005 

CAPACITY . 5.0- 5.0  Mfd. 

LONG  LIFE 
ASSURED  1 

t 

WORKING  VOLTAGE 

400  Volts  D.  C.  at  72“  C. 
600  Volts  D.  C.  at  38“  C. 

DIMENSIONS  .  .  .  2"x3%"x33/4" 

Miets  AnRy  aid  Navy  Innersion  Ttsts 

Oil  Inprepated— Oil  Fillid 
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Reconversion 
and  Contract  Termination 


American  industry  is  dedicated  to  an  all-out 
2^ effort  to  achieve  victoiy,  and  its  good  faith 
in  this  direction  is  amply  demonstrated  by  the 
results. 

American  industry  also  is  dedicated  to  making 
democracy  work  effectively  after  the  victory.  And 
it  is  toward  this  objective  that  industry  must 
prepare  itself  to  guide  the  processes  of  demo¬ 
bilization  and  reconversion  in  order  to  minimize 
the  dislocations  and  chaos  which  too  easily  can 
result  from  so  tremendous  a  task. 

We  exercised  foresight  from  the  very  beginning 
of  the  war  mobilization  program.  Let  us  now  ex¬ 
ercise  foresight  in  the  approaching  changeover 
from  a  wartime  to  a  peacetime  economy. 

The  first  step  in  converting  American  industry 
from  militaiy^  to  civilian  production  is  the  termi¬ 
nation  of  contracts  between  the  government  pro¬ 
curement  agencies  and  the  producers.  There  are 
now  in  force  war  contracts  amounting  to  tens 
upon  tens  of  billions  of  dollars.  As  the  demand 
for  weapons  of  war  decreases,  the  Armed  Services 
will  undertake  to  cancel  contracts.  With  the  em¬ 
phasis  shifting  from  weapons  of  one  category  to 
weapons  of  another  category,  many  billion  dol¬ 
lars  worth  of  contracts  already  have  been  termi¬ 
nated.  It  is  hoped  that  the  experience  now  being 
gained  in  this  work  will  provide  the  basis  for  ef¬ 


fective  and  sound  procedures  when  an  avalanche 
of  cancellations  com.es  later. 

Many  complex  problems  involved  in  the  termi¬ 
nation  of  contracts  will  materially  influence  the 
success  of  the  entire  reconversion  program.  Once 
war  demands  fall  off  sufficiently  to  permit  the 
renewal  of  Ch  ilian  production,  we  will  have  to 
act  with  great  speed  if  we  are  to  avoid  large-scale 
unemployment.  Prompt  financial  settlements  of 
contracts  and  the  rapid  clearance  of  plants  are  of 
immediate  and  great  significance.  In  many  cases 
the  removal  of  equipment  and  raw  materials  will 
be  more  important  than  money  pavments.  The 
allocation  of  raw  material  for  civilian  production 
will  be  of  paramount  importance. 

Government  agencies  obviously  must  exercise 
great  care  in  spending  the  people’s  money  and 
in  protecting  the  interest  of  the  public  against 

excessive  payments.  Unjust  enrichment  at  the  ex- 

• 

pense  of  the  people  wiW  not  be  condoned  nor 
will  it  reflect  favorably  upon  management  to 
present  inflated  claims.  But  long-delayed  nego¬ 
tiations,  which  will  retard  the  initiation  of  ci- 
\ilian  production,  likewise  must  be  avoided. 

The  contracting  agencies  and  the  manufac¬ 
turers  both  know  that  the  greatest  losses  in  the 
reconversion  period  will  result  from  delays  in 
getting  peacetime  production  under  wav.  The 


greatest  jx)tential  wastes  lie  in  unemployment 
and  in  idle  plants.  The  magnitude  of  such  losses 
to  the  public  can  be  far  greater  than  the  money 
spent  in  liberal  settlements;  to  the  manufacturer, 
these  losses  can  represent  vastly  more  than  the 
extra  funds  that  might  result  from  interminable 
litigation.  Policies  must  be  firmly  established 
now  whereby  the  manufacturers,  including  sub¬ 
contractors  and  suppliers,  will  receive  substantial 
settlements  immediately  in  order  that  ample 
funds  be  available  for  reconverting  plants  and 
accumulating  necessary  inventories  of  peacetime 
goods.  Nor  must  we  overlook  the  fact  that  the 
uncertainty  of  long  dra\Mi-out  disputes  will  ha\c 
a  stifling  effect  on  enterprise  and  that  final  settle¬ 
ments,  therefore,  should  be  made  as  promptly 
as  possible. 

Plants  that  are  equipped  largely  with  special 
wartime  tools  and  machines  and  that  are  fully 
stocked  with  materials,  components,  and  finished 
military  products  \\ill  not  be  able  to  undertake 
any  substantial  degree  of  conversion  until  this 
machiner}'  and  this  inventory  are  removed.  Ad¬ 
vance  arrangements  are  essential  for  the  prompt 
clearance  of  great  numbers  of  plants  the  countr\ 
over.  Adequate  warehousing  facilities  must  read¬ 
ily  be  available  so  that  the  changeover  to  civilian 
production  will  not  be  hampered. 

As  war  demands  decline,  civilian  output  will 
be  resumed;  and  while  we  recognize  that  the 
demands  for  munitions  must  vary  as  the  strateg\’ 
of  the  military  leaders  is  changed,  it  is  hoped 
that  the  Armed  Services  already  have  or  soon 
will  develop  schedules  of  their  continued  needs 


under  different  strategic  assumptions.  If  we  know 
in  advance  the  probable  curtailment  in  war  re¬ 
quirements  we  are  in  position  to  estimate  the 
timing  and  the  quantities  of  raw  materials,  the  :  pctiti( 
number  of  workers,  and  the  industrial  facilities  t  consu 

which  will  be  available  for  peacetime  purposes.  L  sersio 

1 1 

It  will  then  be  possible  to  integrate  the  lifting  I  and  i 
of  restrictions  on  civilian  production  with  the  Aive  r 
drop  in  war  production.  lerion 

Needless  unemployment  and  idle  plants  will  ing  n 
prevail  if  restrictions  on  the  output  of  civilian  i  for  tli 
goods  are  removed  at  a  slower  rate  than  available  fxped 
manpower,  materials  and  plants  permit.  On  the  '  quate 
other  hand,  if  the  controls  on  civilian  produc-  i^ase, 
tion  are  removed  prematurely  or  too  freely,  then  ^  inal 
the  production  of  military  requirements  will  be  f  l^^sis 
hampered  correspondingly.  There  will  be  great 
clamor  and  pressure  for  eliminating  all  restric¬ 
tions  as  soon  as  any  measurable  quantity  of  mate¬ 
rials  and  numbers  of  workers  are  freed  from  war 

I'l 

work.  It  will  react  adversely  on  industry  as  well  fomp 

as  on  government  if  these  pressures  are  heeded  flustr: 

li.  ,  . 

indiscriminately,  thereby  retarding  the  produc¬ 
tion  of  munitions  for  our  boys  who  still  will  be 
fighting  and  dying  at  the  front.  The  coordination 
of  declining  war  demands  with  increasing  civilian 
production  probably  is  the  most  difficult  and  at 
the  same  time  the  most  important  task  in  our 
entire  reconversion  problem.  Advance  planning 
and  sound  judgment  arc  essential. 

An  order  of  priority  for  initiating  non-war  or 
civilian  production  must  be  prepared  beforehand.  ^ 

The  schedule  of  resumption  of  peacetime  pro¬ 
duction  should  be  governed  by  the  amounts  of 
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natcrials,  manpower  and  facilities  that  arc  avail- 
ible  as  well  as  by  the  relative  needs  or  importance 
)f  different  products.  There  will  be  strong  com- 
^)ctition  for  priority  among  the  various  kinds  of 
yonsumer  goods,  equipment  needed  for  recon¬ 
version,  producers  goods  required  for  expansion 
ind  modernization,  and  export  demands.  Rela¬ 
the  iiti^c  need  obviously  is  the  most  compelling  cri¬ 
terion.  But  because  of  the  importance  of  expedit- 
liiig  recon\ersion,  earliest  consideration  is  urged 
Ifoi  the  tools  and  fixtures  and  models  which  will 
j^xpedite  large-scale  civilian  production  when  adc- 
juate  labor  and  materials  are  available.  In  any 
asc,  advance  schedules  wiW  be  needed  to  avoid 
\  makeshift,  piecemeal  lifting  of  controls  on  the 
xisis  of  who  shouts  the  loudest, 
reat  Another  difficult  problem  of  the  reconversion 
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xriod  will  be  to  keep  to  a  minimum  the  distor- 
iion  of  inter-industrial  and  intra-industrial  rela¬ 
tionships.  Many  \arietics  of  consumers  goods 
compete  for  the  consumer  dollar,  and  some  in- 
ded  •  ‘^lustries  will  offer  strong  resistance  if  the  green 
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light  is  given  first  to  industries  whose  products 
may  thereby  acquire  a  time  advantage. 

Even  more  difficult  will  be  the  matter  of  com- 
jK'tition  between  companies  producing  the  same 
products.  Some  manufacturers  may  find  them- 
S'jlvcs  tied  up  with  continuing  war  contracts 
^\ith  restrictions  on  their  peacetime  products 
uddenly  lifted  and  their  competitors  free  to 
ike  advantage  of  the  situation.  The  declining 
and  for  different  kinds  of  war  materiel  will  vary 

pro-  ^od  some  producers  inevitably  will  be 

ts  of  for  peacetime  production  considerably 


in  advance  of  some  of  their  competitors. 

This  raises  the  question  of  victory  models  or 
nucleus  plants  to  eliminate  competitive  advan¬ 
tages  among  producers  of  identical  products 
pending  the  time  when  all  are  on  an  equal 
footing  again.  Policies  controlling  this  should 
take  into  account  the  degree  or  the  extent  of 
competitive  advantage  which  reconversion  might 
bring,  and  also  upon  the  time  interval  during 
which  these  adxantages  will  prevail.  Such  pro¬ 
grams  necessarih'  mean  increased  government 
control,  hence  they  should  be  adopted  only  un¬ 
der  the  most  pressing  circumstances. 

There  is  the  important  question  of  termina¬ 
tion  as  between  large  and  small  plants.  Fairness 
must  be  exercised,  and  undue  advantage  to  either 
group  must  be  avoided  in  extending  opportuni¬ 
ties  to  continue  receiving  profitable  war  orders 
or  in  getting  back  into  civilian  production.  The 
problems  of  small  manufacturers  must  not  be 
neglected  in  this  period.  Likewise,  any  restraints 
on  new'  ventures  and  on  more  \  igorous  competi¬ 
tion  must  meticulouslv  be  avoided. 

There  also  is  the  question  of  communities 
which  ha\e  been  greatly  enlarged  and  others 
which  actually  ha\e  been  brought  into  being 
by  the  war.  It  might  be  advisable  to  terminate 
contracts  in  these  areas  first  in  order  that  the 
workers  might  be  encouraged  to  migrate  else¬ 
where  while  employment  prospects  are  most 
favorable.  Also,  if  continued  production  of  some 
armaments  is  contemplated  after  the  war,  it  might 
be  well  to  concentrate  this  production  in  commu¬ 
nities  which  otherw  ise  w'ould  be  stranded. 


I  If  the  process  of  terminating  contracts  is  to 
I  be  geared  into  meeting  continued  demands  for 
j  munitions  and  also  expediting  reconversion,  then 
j  the  Armed  Ser\'ices  must  accept  broad  policy 
I  considerations  as  criteria  for  cancelling  contracts. 

I  Procurement  officers  might  be  inclined  to  cancel 
I  contracts  with  all  high  cost  producers  first.  Or 
I  they  might  be  inclined  to  cancel  small  producers 
j  first  so  as  to  reduce  the  administrative  burden. 

I  Then  again,  they  might  cancel  the  newer  pro¬ 
ducers  of  specific  products  rather  than  the  older, 

I  time-tried  manufacturers. 

I  These  procurement  criteria  may  all  be  highly 
desirable  and  efficient  but  other  important  con¬ 
siderations  such  as  those  mentioned  above  must 
[  be  given  proper  attention.  Demobilization  can- 
I  not  be  a  separate  process  from  reconver- 
I  sion.  They  must  be  united.  The  termination  of 
I  contracts  is  a  demobilization  task,  but  I  am  con- 
I  fident  that  the  procurement  agencies  appreciate 
j  the  importance  of  this  operation  in  facilitating 
F  reconversion  and  that  they  will  take  full  cogni- 
I  zance  of  the  policies  necessar}'  for  giving  e\'ery 
I  assistance  to  initiating  peacetime  production. 

I  .  I  have  not  attempted  to  raise  all  the  important 
policy  questions  in  terminating  contracts,  nor  do 

J 

I  I  propose  specific  solutions  for  each  major  prob¬ 
lem.  Rather  it  has  been  my  purpose  to  indicate 
I  the  complexities  of  the  task  which  faces  us  and 
;  to  urge  that  intelligent  and  sound  plans  be  de- 

I  veloped  now  while  there  is  time.  By  so  doing, 
s  we  can  avoid  the  dislocations  and  economic  dis- 
i  order  which  otherwise  might  characterize  the  rc- 

li 

J 

'i 
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conversion  period.  The  better  we  are  prepared,  | 
the  more  rapid  will  be  the  resumption  of  full 
employment  and  good  business  after  the  war 
is  won. 

This  job  of  changing  America’s  industrial  pat¬ 
tern  from  war  to  peace  speedily  and  efficiently, 
is  one  which  vN'ill  tax  the  talents  and  knowledge 
of  the  ablest  business  men  of  the  country.  These 
men  can,  and  I  am  sure  that  they  will,  attack 
this  task  with  the  same  energv’  and  determina-  , 
tion  that  characterized  their  efforts  in  the  p)eriod 
of  mobilization  for  war.  ; 

Industr}’  advisory  committees  were  established  ^ 
to  cooperate  with  gov'ernmental  agencies  in  the  ^ 
great  task  of  conversion  to  a  full  war  economy. 
These  committees  are  the  means  through  which 
industry  has  the  opportunity  to  play  a  major  role 
in  the  solution  of  the  problems  of  reconversion.  It 
must  assume  that  responsibility  or  accept  the  con¬ 
sequences  in  the  form  of  enforced  go\ernment 
control.  Industry  must  take  a  renewed  interest  in  I 
these  committees  and  make  certain  that  our  best  1 
minds  and  strongest  men  are  available  for  the 
challenging  job  of  conversion  which  we  face  now. 

It  is  a  job  that  must  be  done  well  if  wc  are  to  have 
a  good  start  on  the  road  to  a  greater  democratic  ^ 
and  free  enterprise  nation.  I 


President,  ^fcCra\v-H^^  Piiblishine  Comnanv,  In' 
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Postwar  Planning;  —  Carrying 
along  his  often-voiced  theme  of  “So 
little  time  and  so  much  to  be  done,” 
FCC  chairman  Fly  stressed  the  urg¬ 
ency  of  studies  of  technical  prob¬ 
lems  vital  to  the  future  of  radio  in 
his  remarks  before  an  important 
postwar  planning  conference  in 
Washington.  In  attendance  were 
members  of  the  Radio  Technical 
Planning  Board,  the  Interdepart¬ 
mental  Advisory  Committee  (com¬ 
posed  of  13  government  agencies), 
the  Board  of  War  Communications 
and  the  Federal  Communications 
Commission.  It  was  generally 
agreed  that  allocation  studies 
should  be  speeded,  subject  to  priori¬ 
ties  of  war  work,  even  though 
characteristics  of  the  higher  fre¬ 
quencies  are  not  fully  known. 

Various  panels  of  RTPB  and'gov- 
ernment  groups  will  consider  major 
changes  which  may  be  necessary  in 
services  such  as  standard  broad¬ 
casting,  FM,  television,  interna¬ 
tional  point-to-point,  etc.;  changes 
to  be  made  in  FCC’s  present  stand¬ 
ards  of  good  engineering  practice 
and  other  technical  rules;  and  the 
possibilities  of  utilizing  frequencies 
above  300  me.  It  was  suggested 
that  the  studies  be  completed  as 
soon  as  possible  so  that  manufac¬ 
turers  can  be  ready  with  plans  to 
produce  equipment  when  materials 
are  again  made  available. 

The  group  was  informed  of 
studies  tb  \t  FCC  is  making  to  de¬ 
termine  th  possibility  of  long-dis¬ 
tance  8ky>^  we  interference  in  the 
present  Fk  and  television  bands. 
There  was  a  ^o  some  discussion  of 
international  television  transmis- 


Patents — The  exchange  of  pat¬ 
ent  rights  and  technical  informa¬ 
tion  between  the  United  States  and 
Great  Britain  is  expected  to  be 
greatly  facilitated  by  the  setting  up 
in  London  of  a  Legal  Agency,  which 
will  operate  as  a  field  division  of 
the  Legal  Section  of  the  U.  S.  Signal 
Corps. 

Experience  has  demonstrated  that 
even  where  agreements  for  joint  use 
of  patents  have  existed  there  has 
been  such  a  lack  of  understanding 
that  full  advantage  has  not  been 
taken  of  them.  It  has,  for  example, 
been  difficult  to  know  when  British- 
owned  patents  are  being  used  by 
American  manufacturers  in  such  a 
way  that  licenses  are  needed.  It  has 
also  been  hard  to  keep  track  of  the 
ultimate  user  of  licenses  and  techni¬ 
cal  data  transferred  to  the  British. 

The  new  Legal  Agency  maintains 
direct  contact  with  British  industry 
and  patent  owners.  It  should  be  able 
not  only  to  get  complete  details  of  the 
requisitions  involved,  but  also  to 
bring  together  the  interested  parties. 
Another  service  it  performs  is  in 
connection  with  British  patents  on 
inventions  relating  to  classified  ma¬ 
terial.  Applications  for  use  of  such 
patents  are  affected  by  the  Espion¬ 
age  Act,  Army  regulations  on  secur¬ 
ity,  and  the  patent  law  on  publica¬ 
tion  of  data  which  might  be  detri¬ 
mental  to  public  safety  or  defense. 
The  result  of  the  various  regulations 
has  been  that  some  companies  have 
sacrificed  their  foreign  rights  rather 
than  take  the  responsibility  of  filing 
their  applications  abroad.  The  Legal 
Agency  will  take  such  applications, 
sent  to  the  Signal  Corps,  and  clear 
them  through  the  proper  channels. 


Production  Figures — Donald  M. 
Nelson,  chief  of  WPB,  in  a  recent 
production  report,  pointed  to  the  9 
percent  increase  over  September  in 
communication  and  electronic  equip¬ 
ment  as  “one  of  the  brightest  spots 
of  the  month.” 

That  the  electronics  production 
program  must,  nevertheless,  show  a 
continued  increase  was  stressed  by 
Ray  C.  Ellis,  director  of  the  Radio 
Division  of  WPB,  when  he  told  a 
group  of  his  field  representatives 
meeting  in  Washington  recently  that 
production  must  move  from  a  $250,- 
000,000  monthly  basis  to  over  $300,- 
000,000  per  month.  This  will  consist 
of  about  50  percent  radio,  42  percent 
electronics,  and  8  percent  telephone 
and  telegraphic  requirements,  accord¬ 
ing  to  Frank  S.  Homing,  chief  of  the 
division’s  Field  Service,  as  compared 
with  the  1943  volume  of  60  percent 
radio,  31  percent  electronics  and  9 
percent  telephone  and  telegraphic 
equipment.  In  1942,  the  volume  was 
given  as  approximately  70  percent 
radio,  17  percent  electronics  and  13 
percent  telephone  and  telegraphic 
equipment. 

There  are  now,  it  appears,  161 
prime  contractors,  with  approxi¬ 
mately  1000  “direct  contributors”  of 
electronic  component  parts,  accord¬ 
ing  to  an  official  statement  from  the 
Radio  Division. 

Radio  Census — Radio  shortages 
are  being  checked  in  a  nationwide 
survey  of  consumer  needs  which  the 
Bureau  of  dlensus  is  conducting  for 
WPB’s  Office  of  Civilian  Require¬ 
ments.  Visiting  7000  households  to 
ascertain  shortages  in  more  than  100 
types  of  goods  and  services,  census 
enumerators  are  gathering  informa¬ 
tion  regarding  shortages  in  radio 
sets  (excluding  automobile  sets), 
radio  tubes,  farm-radio  batteries  and 
also  radio  repair  service. 

Replies  to  a  number  of  set  ques¬ 
tions  will  be  tabulated  by  OCR  as 
quickly  as  possible  so  that  production 
of  any  items  critically  needed  by 
civilian  consumers  may  be  planned. 
— G.  T.  M. 
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From  Crystal  Set  to  Walkie-Talkie . . . 


The  History 

of  MALLORY  Components 
is  the  History  of  Radio 


f  i  IW/ 


For  almost  a  quarter  of  a  century,  the  history  of  Mallory  electronic 
components  has  paralleled  the  development  of  radio  itself. 


From  the  earliest  plugs  and  jacks,  to  the  latest  hermetically-sealed 
capacitors  and  vibrators,  the  list  of  parts  has  reflected  the  prog¬ 
ress  of  the  conununications  industry — literally  step  by  step. 


Because  of  their  reputation  for  outstanding  performance  in  peace¬ 
time  applications,  they  were  readily  adapted  to  military  use. 


Today’s  roll  call  of  standard  Mallory  components  includes  single¬ 
gang,  multi-gang  and  push  button  switches,  attenuators,  variable 
resistors,  potentiometers,  jacks,  plugs,  dial  light  assemblies,  mount¬ 
ing  hardware — a  brilliant  and  highly  versatile  array,  ready  to  solve 
your  most  complex  design  problems. 


CompUte  lutings  of  MaUory  units 
—  their  sixes,  JimetuUtns  and 
rated  capacities— ttre  contained  in 
this  Mallory  Caudog.  Send  Jar 
your  free  copy. 


Before  you  specify  a  special  part  that  might  require  costly  tooling 
and  production  delays,  check  the  Mallory  Catalog.  You’ll  find  elec¬ 
tronic  components  available  in  a  broad  range  of  sizes  and  capacities 
— and  available  through  Mallory  distributors  in  the  United  States 
and  Canada. 


P.  R.  MALLORY  &  CO.,  Inc.,  INDIANAPOLIS  6,  INDIANA 
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CROSS 


TALK 


►  EXPERTS  .  .  .  How  beat  to  learn  what  electron¬ 
ics  offers  an  induetrial  company  interested  in  apply¬ 
ing  tubes  to  its  own  processes  is  a  question  that  faces 
every  wideawake  concern  today.  Now  that  electronic 
experts  are  virtually  unobtainable  without  stealing 
them  from  someone  else,  the  next  best  (and  perhaps 
the  very  best)  plan  is  to  look  around  one’s  own  plant. 
What  is  required  is  a  man  who  has  a  good  mechanical 
background  and  who  in  the  pre-war  days  was  an 
amateur  radio  operator  or,  going  further  back  in  time, 
a  home-set  builder. 

Old-line  electrical  engineers  may  ,  have  trouble 
grasping  electronics.  For  them  a  vacuum  tube  is  an 
open  circuit;  to  them  the  concepts  of  wave  guides  in 
which  electric  energy  is  piped  over  a  single  conductor 
will  prove  most  troublesome. 

Every  industrial  plant  should  have  someone  ap¬ 
pointed,  now,  to  begin  learning  electronics.  If  possible 
he  should  be  given  a  place  to  work,  some  money  for 
books,  so  he  may  learn  what  has  been  done,  and  some 
apparatus,  to  enable  him  to  get  the  feel  of  the  equip¬ 
ment.  This  man,  in  time,  could  advise  the  company  on 
the  merits  of  electronic  apparatus  on  the  market  and, 
given  the  proper  encouragement  and  ability  he  could 
soon  learn  where  and  how  electronics  could  be  applied 
t^  his  own  plant  processes. 

Waiting  until  after  the  war  to  get  a  start  may  prove 
to  be  waiting  much  too  long. 


►  SOS  .  .  .  According  to  the  New  Yorker,  much  of 
whose  contents  we  enjoy  but  do  not  believe,  one  of  the 
lifeboat  transmitters  pictured  on  Electronics’  Septem¬ 
ber  cover  was  shipped  to  someone  around  New  York 
City  *or  some  experimental  work.  The  office  secretary 
opened  the  bundle,  and  seeing  the  handle  of  the  radio 
transmitter,  gave  it  a  couple  of  good  whirls,  as  who 
wouldn’t? 

Within  a  short  while,  they  got  a  call  from  the 
Coastal  Command,  who  wanted  to  know  who  the  hell 
was  lost  at  sea  on  lower  Madison  Avenue. 


►  RTPB  .  .  .  With  the  complete  roster  of  panel 
chairmen  appointed  and  placed  before  the  industry 
by  Chairman  W.R.G.  Baker,  work  is  already  under  way 
on  the  many  important  problems  to  be  discussed  by 
this  board.  One  of  the  major  conflicts,  according  to 
Dr.  Baker,  is  the  desire  of  television  and  FM  enthu¬ 
siasts  for  ether  space.  As  we  remember  the  earlier  con¬ 
flict  the  FM  people  wanted  the  lowest  television  chan¬ 
nel  and  would  have  been  satisfied  if  they  had  secured 
this  additional  waveband.  Whether  still  more  chan¬ 
nels  are  now  deemed  necessary  for  FM  expansion,  is 
not  known.  Mr.  Fly  has  stated  that  he  believes  the 
existing  16  to  17  channels  available  for  television  is 
not  sufficient.  Six  months  ought  to  see  the  answer  to 
this  dispute,  according  to  Dr.  Baker. 

Since  a  1-kw  FM  transmitter  complete  with  mike, 
turntable  and  antenna  costs  only  $10,000  approxi¬ 
mately,  there  will  undoubtedly  be  a  big  demand  for 
permission  to  broadcast  by  FM.  Many  agencies  not 
now  in  the  broadcast  business  will  want  to  break  into 
it  in  this  manner.  The  scramble  for  frequencies  will 
remind  old-timers  of  the  days  when  all  broadcast  sta¬ 
tions  were  on  360  meters. 

As  a  matter  of  fact  (the  reader  may  sense  that  we 
are  now  warming  up  to  the  subject)  there  is  really  no 
reason  why  any  existing  broadcast  station  which  is 
really  performing  a  service,  and  which  wants  to  keep 
on  with  this  job,  should  not  have  an  FM  outlet.  There 
is  no  reason  why  there  should  not  be  several  hundred 
channels  and  not  just  a  dozen.  This  would  immediately 
remove  broadcasting  time  from  the  realm  of  the  hard- 
to-get,  with  the  result  that  politicians  might  not  try 
so  hard  to  get  it.  ,  ,  - 

The  broadcasters,  however,  seem  to  be  least  wide¬ 
awake  to  the  portent  of  frequency  modulation,  at  least 
in  New  York.  Here  it  is  treated  as  a  sort  of  ugly  step¬ 
child  to  be  killed,  if  possible,  with  hour  after  hour 
of  recordings,  many  with  loud  peedle  scratches!  CBS, 
for  instance,  does  not  put  the  New  York  Philharmonic 
on  its  New  York  FM  outlet,  although  the  NBC  big-time 
event,  the  NBC  Symphony,  now  provides  FM  listeners 
with  the  big  treat  of  the  week. 


Component  PartsS 


Up  IN  THE  Aleutians  an  army 
plane  took  off  on  an  emergency 
patrol  with  its  direction-finding  gear 
inoperative  for  lack  of  a  replacement 
capacitor.  Fog  closed  in  and,  prob¬ 
ably  because  the  d-f  equipment  was 
not  functioning,  the  ship  and  its  crew 
were  lost  at  sea.  Technicians  later 
discovered  that  a  suitable  replace¬ 
ment  capacitor  was  available  all  the 
time  in  a  nearby  navj*^  stockpile. 
When  tested,  the  part  proved  to  be 
electrically  identical  but  it  was,  un¬ 
fortunately,  dissimilar  in  shape  and 
differently  marked. 

Aside  from  the  obvious  desirabil¬ 
ity  of  employing  standard  identifica¬ 
tion  codes  and  so  conserving  shipping 
facilities  to  and  storage  space  on  the 
fighting  fronts,  there  is  good  reason 
for  universal  adoption  of  physical 
and  electrical  component  parts  stand¬ 
ards  in  wartime.  It  appears  that  a 
30  to  36  percent  increase  in  produc¬ 
tion  of  electronic  equipment  will  be 
required  for  military  purposes  in 
1944.  Labor  is  at  a  premium  and  fac¬ 


tory  facilities  are  already  taxed  to 
the  utmost.  Standardization  can  help 
produce  the  required  production  in¬ 
crease. 

Tb*  Objectives  of  Staedards 

Advocates  of  component  parts 
standardization  list  the  major  objec¬ 
tives  of  the  present  program  as  fol¬ 
lows: 

Concentration  of  component  parts 
manufacturers  upon  fewer  types  can 
increase  production  by  utilizing  la¬ 
bor,  machinery  and  even  materials  to 
better  advantage.  More  efficient  oper¬ 
ation  will  carry  right  on  down 
through  testing  and  packaging. 

Availability  of  standard  parts  from 
more  sources  of  supply  will  insure 
continuous  production  of  finished 
gear  by  prime  contractors.  Here  too, 
the  testing  and  handling  problems 
will  be  simplified. 

Standards  have  already  been  writ¬ 
ten  and  approved  for  ten  component 
parts,  accessories  and  associated  test¬ 
ing  devices.*  The  ten  include  fixed 


On*  itcmdardization  obi*ctiv*.  L*lt.  multtplidty  oi  Tasistors 
in  a  typical  prime-contractor's  stock.  Right,  actual  requirements 


mica-dielectric  capacitors,  2i  and  1 
3-inch  round  flush-mounting  panel-! 
type  electrical  indicating  instru-^ 
ments,  ceramic  radio  insulating  ma-< 
terials  intended  primarily  for  use  as 
insulators,  ceramic  radio  dielectrics 
inter -^ed  primarily  for  applications 
where  capacitance  is  the  prime  con¬ 
sideration,  shock-testing  mechanisms 
for  2}  and  3-inch  round  flush-mount¬ 
ing  panel-type  electrical  indicating 
instruments,  ferrule  -  terminal  style 
external  meter  resistors,  glass- 
bonded  mica  radio  insulators,  stea-, 
tite  radio  insulators,  fixed  composi¬ 
tion  resistors  and  120-milliampere  to 
10  ampere-type  external  radio-fre¬ 
quency  thermocouple  converters.  Ap¬ 
proval  dates  range  from  November 
12,  1942  for  the  first  to  October  19, 
1943  for  the  tenth. 

Standards  have  been  proposed  on 
limited  sizes  of  fixed  molded  paper- 
dielectric  capacitors,  dynamotors 
(third  draft),  porcelain  radio  in¬ 
sulators  (third  draft),  glass  radio 
insulators  (fourth  draft),  low  oper¬ 
ating-temperature  variable  wire- 
wound  resistors  (seventh  draft 
Originally  entitled  “wire-wound  po¬ 
tentiometers  and  rheostats”),  one 
crystal  unit  involving  a  piezo-electric 
element  in  a  sealed  holder  and  de¬ 
signed  for  non-keying  applications 
in  aircraft  (fourth  draft),  power- 
type  wire-wound  rheostats  (third 
draft.  Originally  entitled  “high- 
power  variable  wire-wound  resis¬ 
tors”)  and  fiOfi-volt  rms  low-tension 
radio  and  instrument  hook-up  wire 
employing  thermoplastic  synthetic  in¬ 
sulation  (third  draft).  Some  dozen 
or  so  more  proposed  standards  are  in 
preparation. 

Progress  is  being  made  but  the 
chief  standard-bearers  for  the  pro¬ 
gram  say  that  lack  of  genuine  en¬ 
thusiasm  on  the  part  of  some  agen¬ 
cies  and  outright  opposition  by 
certain  individuals  involved  in  the 


*  American  Standards  AsBoclatlon.  29  VN'eit 
39th  St.,  New  York  18.  N.  Y. 
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R  ^MENT  STANDAROJ2ATJON 

0%QQa  QOOQQ 


work  renders  speed  consistent  with 
the  requirements  of  the  war  effort 
difBcult 

More  complete  cooperation  is 
clearly  required  between  the  various 
grroups  and  companies  necessarily 
involved  in  the  component  parts 
standardization  program  if  wartime 
objectives  are  to  be  obtained.  Gen¬ 
eralizations  are  rarely  accurate  in 
every  detail  but  it  is  believed  that 
the  following  editorial  observations 
constitute  a  fair  overall  picture  of 
the  major  obstacles  in  the  path  of 
the  program. 

Sen*  PregroM  Obstacles 

Standardization  must  stem  from 
the  Army  and  Navy.  Neither  branch 
of  the  service  is  entirely  consistent 
in  its  own  component  parts  specifica¬ 
tions.  Moreover,  while  some  effort 
has  been  made  to  dovetail  the  speci¬ 
fications  of  various  branches  of  the 
service  one  gets  the  distinct  impres¬ 
sion  in  the  field  that  much  more 
might  be  done  in  that  direction. 

WPB,  utilizing  the  facilities  of 
.\SA,  is  the  guiding  spirit  in  the 
program.  The  agency,  it  appears,  is 
currently  endeavoring  to  speed  up 
standardization  by  inducing  prime 
'contractors  to  insist  upon  standard 
parts  rather  than  by  means  of  direc- 
itives.  This  may  be  considered  weak 
lor  it  may  be  considered  strong,  de¬ 
pending  upon  where  the  reader  sits. 
One  obvious  weakness  is  the  fact  that 
it  provides  little  centralized  direction 
for  the  program  and  leas  enforce¬ 
ment  "teeth.” 

‘  ;  Prime  contractors,  for  the  moat 
'  irart,  appear  willing  enough  to  specify 
land  use  standard  parts.  They  will 

■  Inot,  however,  hold  up  a  production 
’line  when  they  themselves  are  under 
[pressure  to  meet  contract  delivery 
dates,  where  standard  parts  are  not 

■  quickly  available  and  where  other 
’  parts  will  pass  the  required  tests. 

^  Component  parts  manufacturers, 
similarly,  are  cooperatively  inclined. 
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with  some  few  exceptions,  up  to  the 
point  where  the  demand  for  stand¬ 
ardized  designs  makes  it  necessary  to 
even  temporarily  shut  down  machines 
in  production  in  order  to  make  the 
required  changeovers.  Insistence 
upon  rapid  changeovers,  they  point 
out,  could  easily  disrupt  factory  oper¬ 
ations  and  defeat  the  very  purpose 
of  the  program.  Where  a  component 
parts  manufacturer’s  attitude  toward 
standardization  is  completely  nega¬ 
tive  it  will  often  be  found  that  he  has 
his  eye  on  the  immediate  post-war 
competitive  objective  rather  than 
present  wartime  necessity. 

Summing  up  the  above  analysis,  it 
might  be  said  that  a  lot  of  people 
like  the  general  idea  of  wartime  com¬ 
ponent  parts  standards  but  too  few 
are  doing  something  about  it 

SpaeifieafioM  aid  Symboli 

The  need  for  wartime  component 
parts  standards  goes  right  down  to 
the  tap-roots  of  the  industry  and 
even  affects  paper  work.  Many  diffi¬ 
cult  design  drawings  have  had  to  be 
duplicated,  with  resultant  bottlenecks 
in  drafting  departments,  because  of 
minor  differences  which  could  have 
been  resolved  by  closer  cooperation 
between  the  Army  and  the  Navy,  or 
between  various  groups  within  each 
service.  Similarly,  many  change- 
orders  and  other  forms  have  had  to 
be  turned  out  in  duplicate,  triplicate, 
quadruplicate  and  quintuplicate  for 
one  agency  or  group  or  customer, 
civilian  as  well  as  military,  and  then 


done  all  over  again  with  minor  varia¬ 
tions  for  another. 

Electronics  has  for  some  time 
agitated  for  one  set  of  standard  com¬ 
ponent  parts  symbols,  and  this  sub¬ 
ject  too  should  be  part  and  parcel 
of  the  present  standardization  pro¬ 
gram.  There  is  an  international  set 
of  circuit  symbols.  There  are  the 
radio  symbols.  There  are  power  sym- 
Dols.  And  now  there  is  a  fourth  set 
of  symbols,  involving  differences,  in 
use  to  designate  electrical  or  elec¬ 
tronic  component  parts  in  the  air¬ 
craft  field. 

The  symbols  situation  has  become 
so  complicated  that  one  of  the  best- 
known  companies  in  this  industry 
has  designed  its  own  set  of  symbols, 
into  which  all  other  symbols  are  re¬ 
solved  before  drawings  coming  from 
outside  sources  are  placed  in  the 
hands  of  engineers.  We  don’t  know 
how  much  of  the  component  parts 
.standardization  program  can  be 
carried  over  into  peacetime  practice 
but  it  does  appear  safe  to  say  that 
virtually  all  work  done  now  in  con¬ 
nection  with  symbols  could  readily 
carry  over.  It  is  felt,  furthermore, 
that  unless  symbol  standards  are 
straightened  out  now,  under  pres¬ 
sure  of  wartime  exigencies,  there  is 
little  likelihood  that  they  will  be 
later.  As  this  is  written  there  is 
.some  indication  that  meetings  now  in 
progress  may  soon  resolve  the  situa¬ 
tion  and  come  up  with  one  set  of 
.symbols,  to  be  used  at  least  for  the 
duration. — w.  macd 


FIG.  1 — Typ*  1.-2  plan*,  built  by  Toylorcroit  Multi-laminoi  spars  or#  bsiag  us*d  succssstully  in  ships  of  this  typo 


Radio-frequency  heating  is  be¬ 
ing  employed  to  advantage  in  set¬ 
ting  the  synthetic-resin  glues  used  in 
assembling  laminated  aircraft  spars. 
During  the  past  year  the  multi-lam¬ 
inar  spars  used  in  the  Taylorcraft 
Tjrpe  Li-2  plane  have  been  made  by 
this  method  and  the  advantages  of 
using  radio-frequency  heating  are 
considered  to  have  been  well  proved. 

Time  for  complete  setting  of  the 
glue  has  been  reduced  from  eight 
hours  to  twenty  minutes.  Production 
capability  of  a  single  small  plant  has 
been  upped  from  26  spars  per  day  to 
200  spars  per  day.  Even  more  im¬ 
portant — the  use  of  r.f.  has  made  it 
feasible  to  use  smaller  pieces  of  wood, 
thus  overcoming  a  critical  shortage 
of  full-size  lumber  and,  incidentally, 


Use  of  electronic  gear  reduces  glue-setting  time  from 
eight  hours  to  twenty  minutes,  increases  output  of  typical 
small  plant  from  25  to  200  spars  per  day  and  cuts  lumber 
cost  40  percent.  Spars  so  produced  are  stronger  than 
those  made  from  a  single  piece 


permitting  a  40-percent  saving  in  the 
cost  of  lumber.  The  laminated  spars 
made  by  this  method  are  stronger 
than  spars  cut  from  a  single  piece; 
in  fact,  some  tests  have  indicated 
they  may  be  stronger  than  the  metal 
spars  used  before  the  war. 

Use  of  LamiRoted  Spars 

Planes  such  as  that  shown  in  Fig. 
1  formerly  made  use  of  a  fabric-cov¬ 


ered  metal-frame  type  of  wing  con¬ 
struction.  The  main  spars  were 
usually  of  extruded  aluminum  or 
nicralumin. 

Sometime  before  Pearl  Harbor  it 
became  apparent  that  aluminum 
would  not  be  available  for  this  pur¬ 
pose.  Aircraft  manufacturers  then 
turned  to  spars  cut  from  solid  wood 
planks,  usually  spruce.  However,  £« 
Grade  A  spruce  of  the  kind  specifi- 
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FIG.  2  (aboT*) — Steps  in  ths  construction 
oi  multt-lominar  spar  showing  (a)  narrow 
boards  sdgo-gluod  to  obtain  6-in.  widths, 
(b)  short  boards  scorf-gluod  to  obtain  ISVi- 
it  longth,  (c)  ^  x  6-in.  boards  flot-qlaod 
to  obtain  6  in.  x  6  in.  x  16Vi-ln.  block,  (d) 
block  sawsd  rortically  to  obtain  odgs- 
groln  lominatod  spars  Vs  in.  x  6  in.  x 
16Vk  It  * 


FIG.  3  (oboTo  at  right) — ^Multi-lominor 
spar  Vi  in.  X  6  in.  X  I6Vk  it  size)  mads 
by  rodio-irsqusney  gluing  con  bs  twisted 
through  180  deg.  without  damage 


FIG.  4  (right) — Approximate  time  required 
ior  setting  resin  glue  used  in  making 
multi-laminar  spar,  plotted  against  tem¬ 
perature  at  the  glue  line 


edge-gluing.  By  this  means  the  rial  available,  but  the  one  shown  il- 
amount  of  usable  lumber  was  greatly  lustrates  all  of  the  steps  ordinarily 
increased,  although  at  the  cost  of  required. 

adding  several  steps  to  the  process  of  The  lumber  as  received  is  about 
turning  out  spars.  I  in.  thick.  It  comes  in  various 

At  about' the  same  time  poplar  was  widths,  specified  as  “4  inches  and 
approved  for  use  as  an  alternative  to  over,”  and  in  various  lengths  “4  feet 
spruce.  Unfortunately,  poplar  was  and  over”.  The  first  step  is  to  select 
not  available  in  edge-grain  cut,  so  two  boards  of  approximately  the  same 
that  still  another  gluing  operation  l^gth  and  to  edge-glue  these  as 
cally  designated  for  aircraft  use  con-  was  involved  when  it  was  used.  This  shown  in  Fig.  2a.  The  result  is  a 
stituted  only  about  one-half  of  one  is  best  explained  by  describing  the  board  which  can  be  trimmed  to  a  6-in. 
percent  of  all  of  the  standing  timber  steps  in  the  construction  of  a  typical  width. 

of  this  type,  the  total  usable  supply  spar.  The  second  step  is  to  scarf-joint 

was  strictly  limited.  Manufacturers  two  or  three  lengths  of  the  6-in.  wide 

therefore  turned  to  making  spars  by  Mxlfl-Lamlxar  Coxstractiea  boards  together  to  obtain  the  re¬ 

gluing  several  thin  boards  together  to  The  sketches  in  Fig.  2  illustrate  quired  length  of  16i  ft,  as  shown  in 
obtain  the  necessary  thickness.  The  the  evolution  of  a  multi-laminar  spar  Fig.  2b.  If  the  material  is  poplar, 
next  step  was  to  use  up  short  lengths  such  as  those  used  in  the  Taylorcraft  the  wood  will  be  fiat-grain  (i.e.,  grain 
by  scarf-jointing  these  together,  and  Li-2.  Other  methods  of  assembly  are  roughly  parallel  to  the  face  of  the 
eventually  to  use  narrower  widths  by  used  at  times,  according  to  the  mate-  board),  whereas  the  specification 
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calls  for  the  wood  in  the  spar  to  be 
edge-grain  (i.e.,  grain  roughly  per¬ 
pendicular  to  the  face  of  the  board). 
To  get  around  this  two  additional 
steps  are  required. 

Six  to  eight  of  the  flat  pieces,  made 
up  as  described  above,  are  assembled 
and  glued  together  as  shown  in  Fig. 
2c.  The  result  is  a  single  block  of 
wood  about  6  in.  x  6  in.  x  16^  ft  long. 
This  block  is  then  sawn  vertically  into 
six  strips,  each  I  in.  x  G  in.  x  16i  ft 
as  shown  in  Fig.  2d.  This  laminated 
plank,  which  looks  as  though  it  had 
been  assembled  from  a  number  of 
l-in.  squares,  is  the  piece  from  which 
the  desired  spar  is  shaped  and  An- 
ished. 

While  a  spar  which  has  been  made 
as  described  may  consist  of  as  many 
as  twenty  separate  pieces  (if  J-in. 
thick  boards  are  used),  it  is  in  some 
ways  actually  stronger  than  a  spar 
made  from  a  single  plank.  Such  a 
spar,  i  in.  X  6  in.  x  16i  ft  in  size,  can 
be  twisted  through  180  deg.  as  shown 
in  Fig*  3,  a  test  which  few  solid 
spars  can  pass. 

Need  for  Heat  Cerie^ 

In  order  to  appreciate  the  advan¬ 
tages  of  heat  in  curing  glued  aircraft 
assemblies,  it  is  first  necessary  to 
realize  the  important  difference  be¬ 
tween  the  resin  adhesives  now  used 
and  the  animal  and  hide  glues  used 
in  the  wood  airplanes  of  the  twenties. 

Animal  glues  and  other  early 
types  obtain  their  set  by  the  evapora¬ 
tion  of  moisture.  Strong  joints  may 
result  but  these  joints  are  generally 
not  water  or  fungus-resistant  and 
hence  deteriorate  in  time.  Resin  ad¬ 
hesives,  on  the  other  hand,  obtain 
their  set  by  chemical  reaction  under 
heat  and  pressure.  They  are  at  least 
water-resistant,  and  can  be  made 
completely  waterproof. 

The  time  required  to  set  resin 
glues  is  an  inverse  function  of  the 
temperature  and,  in  the  working 
range,  is  approximately  logarithmic. 
This  is  shown  in  Fig.  4.  The  type 
used  in  the  spars  under  discussion 
will  polymerize  or  set  in  about  eight 
hours  at  a  temperature  of  80  deg.  If, 
however,  the  temperature  is  in¬ 
creased  to  180  deg.  it  will  set  in  two 
or  three  minutes.  Thus,  by  provid¬ 
ing  some  means  of  heating,  the  cur¬ 
ing  time  can  be  enormously  reduced 
as  compared  to  drying  in  air. 


FIG.  5 — Badto-fraquancy  oqulpmant  iostoUad  at  Tolarton  Lumbar  Compony.  AlBoaca. 
Ohio,  for  inoklBq  lomlnotad  spora.  Tho  r-f  qonarator  is  locotod  In  tho  room  In  tho 
linos  consistlnq  of  shoot-motal  ootor  conductors  and  coppor 
tubing  innor  conductors  con  bo  soon  running  around  tbo  top  of  tho  room  to  tho 
odgo-gluing  proos  lust  baroly  vlsiblo  ot  tho  loft  ond  tho  Idg  flot-ghiing  pross  at  right 


Trans.Une 


FIG.  6  (aboTo) — Simplified  schematic  of 
the  r-f  generator  used  in  the  installation 
pictured  in  Fig.  5.  The  load  is  tuned  by 
means  of  inductances  in  parallel,  facilitat¬ 
ing  the  use  of  transmission  lines  between 
generator  and  load 


FIG.  7  (right) — An  alternative  load  tuning 
circuit  using  series  inductance.  This  ar¬ 
rangement  con  be  used  only  when  the  e-i 
generator  is  close  to  the  load 


FIG.  8  (below  at  right) — Arrangement  lor 
gluing  by  concentrating  flow  of  current 
through  the  glue  lines 
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Moreover,  when  this  is  done  fewer 
fixtures  are  required,  space  is  con¬ 
served,  and  multiple-step  laminating 
processes  become  practical,  since  the 
time  required  for  the  individual  oper¬ 
ations  is  not  excessively  long. 


Advoato^es  of  R>P  Haotiag 


■Various  methods  of  providing  the 
heat  needed  to  expedite  the  setting 
of  resin  glues  are  in  use. 

Thin  resin-bonded  plywood  (often 
reft:  red  to  as  “aircraft-quality  ply¬ 
wood”)  is  usually  made  in  hot-plate 
presses,  that  is,  presses  in  which  the 
platens  are  heated  by  steam  piped 
through  them.  However,  for  thick¬ 
nesses  greater  than  an  inch,  the  time 
required  for  the  heat  to  penetrate  to 
the  center  glue-lines  is  excessive.  The 
wood  is  a  very  poor  thermal  con¬ 
ductor,  and  the  maximum  outer  tem¬ 
perature  must  be  limited  to  not  much 
over  300  deg.  if  charring  is  to  be 
avoided.  Approximate  calculations 
indicate  that  about  four  hours  would 
be  required  for  the  center  of  a  6-in. 
thick  assembly  to  reach  200  deg.  F 
when  the  platens  are  maintained  at 
300  deg.  F. 

Another  method  which  is  some¬ 
times  used  is  to  clamp  the  lamina¬ 
tions  as  in  cold-gluing  and  place  the 
whole  assembly  in  a  heated  kiln.  This 
requires  about  the  same  time  as  the 
hot-plate  press  but  has  the  advantage 
of  not  tying  up  press  facilities. 

In  addition  to  the  time  required 
and  the  tying  up  of  scarce  equipment, 
there  is  in  both  these  methods  an 
added  disadvantage  in  that  some  dry¬ 
ing-out  of  the  wood,  particularly 
near  surfaces,  is  almost  certain  to 
occur.  Since  the  moisture  content  of 
aircraft  woods  is  specified  within 
close  tolerances,  this  often 


FIG.  t — Om  Mid  of  a  spodcd  proM  naod  for  odgo-qlnlng.  Tho  firo-hoM  at  Iho  front 
of  tho  prou  is  nttlisod  to  prortdo  fluid  prossuro  along  tho  longSi  of  tho  boards  to 
•  bo  odgo-gliiod 
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FIG.  10 — End  tIow  of  tho  odgo-gluing  pross,  showing  how  two  boards  (1)  and  (2) 
aro  odgo-gluod  by  tho  uso  of  oloctrodos  orrongod  so  that  tho  curront  flows  through 

tho  gluo  lino 
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necessi¬ 
tates  reconditioning  of  the  wood 
after  gluing. 

R-F  heating  has  been  in  use  in  the 
manufacture  of  the  spars  under  dis¬ 
cussion  only  a  little  over  a  year  and 
in  only  a  very  few  installations. 
Nevertheless,  it  is  already  evident 
that  the  advantages  which  it  offers 
are  considerable. 

The  wood,  with  r-f  heating,  is 
actually  heated  from  the  inside  out. 
This  follows  from  the  fact  that  while 
heat  is  generated  uniformly  through¬ 
out  the  wood,  there  is  always  some 
’nss  by  conduction  from  the  outside, 
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-Arrongamcnt  of  el*ctrodos  for  gluing  icarf  iointi  in  a  number  of  short 
boards  to  mako  up  tho  required  16Vi-ft  lengths 


ELECTRONICS 


January  1944 


PIG.  12  (aboT*) — Scarf  folnt  in  a  %  x  6- 
in.  board  made  by  tho  mothod  Uluitrotod 
in  Fig.  11 

FIG.  13  (right) — Largo  prou  used  in  glu¬ 
ing  up  tho  6  in.  X  6  in.  X  16Vi-lt  blocks 
from  which  multt-laminar  spars  oro  sowod 


SO  that  the  center  ordinarily  will  be 
somewhat  hotter  than  the  surface. 
As  a  result,  there  is  more  heat  at  the 
glue  lines,  where  it  is  wanted,  and 
less  at  the  surface,  where  it  is  of  no 
use.  Moreover,  the  time  required  to 
reach  curing  temperature  is  not  de¬ 
pendent  on  thickness  and  can,  within 
the  limits  set  by  allowable  inter-elec¬ 
trode  voltages,  be  made  as  short  as 
desired. 

A  6-in.  thick  assembly  requiring 
four  hours  in  a  hot-plate  press  (or 
eight  hours  at  room  temperature) 
can  be  cured  in  twenty  minutes  with 
ease  by  means  of  r-f  heating.  It 
could  be  done  in  ten  or  even  five  min¬ 
utes  if  the  greater  power  required 
could  be  economically  justified.  Be¬ 
cause  of  the  short  curing  time  in¬ 
volved,  little  loss  of  moisture  occurs. 
The  joints  made  in  this  way  are  at 
least  as  strong  as  those  obtained  in 
other  ways. 

Equipment  for  R-P  Huatiuq 

The  theory  of  r-f  heating  as  ap¬ 
plied  to  wood  has  been  presented  in 
an  earlier  article.^  This  discussion 
of  equipment  will,  therefore,  stress 
the  application  angles.  The  equip¬ 
ment  to  be  described  is  that  installed 
at  the  Tolerton  Lumber  Company, 
Alliance,  Ohio,  where  the  spars  de¬ 
scribed  above  are  manufactured. 

The  r-f  generator  used  in  making 
these  spars  is  a  15-kw  (output  power 
rating)  device  of  modified  radio 
transmitter  design.  This  unit  is 


housed  in  a  small  room  which  is 
provided  with  several  windows  look¬ 
ing  out  into  the  operating  area.  The 
room  was  found  desirable  to  protect 
the  equipment  from  the  hazards  of 
lumber-mill  operations. 

Emanating  from  this  “r-f  room” 
is  a  transmission  line.  Branches  in 
the  line,  with  appropriate  switching 
arrangements,  allow  power  to  be  fed 
to  any  one  of  three  press  positions. 
Some  idea  of  the  arrangement  of  the 
equipment  can  be  obtained  from 
Fig.  6. 

A  simplified  schematic  of  the  r-f 
unit  is  shown  in  Fig.  6.  The  circuit 
is  that  of  a  Colpitts  push-pull  oscil¬ 
lator.  Output  coupling  is  by  means 
of  a  two-tum  pickup  loop,  the  posi¬ 
tion  of  which,  relative  to  the  split 
tank  inductance,  can  be  varied  by  a 
motor  which  is  push-button  con¬ 
trolled  from  the  panel. 

The  load  coupling  arrangement 
used  is  also  shown  in  Fig.  6.  Ordi¬ 
narily,  a  load  of  this  type  represents 
a  fairly  high  capacitance  and  at  the 
frequency  used  (approximately  8.6 
Me)  only  a  small  inductance  is  re¬ 
quired  for  resonance.  By  making  this 
inductance  of  large  current-carry¬ 
ing  capacity  (usually  copper  pipe) 
and  locating  it  near  the  load,  it  is 
possible  to  keep  copper  losses  low 
while  at  the  same  time  allowing  the 
r-f  unit  itself  to  be  located  some  dis¬ 
tance  from  the  press. 

An  alternative  series  tuning  ar¬ 
rangement,  shown  in  Fig.  7,  is  often 


used  in  heating  plastic  preforms  *  and 
sometimes  in  wood  heating,  b\.\.  is 
practical  only  if  the  r-f  unit  cai,  be  ^ 
placed  very  close  to  the  press.  Wh-re  I 
it  is  desired  to  feed  power  to  sevei J  I 
locations,  as  in  the  present  case,  it  is 
almost  always  necessary  to  use  trans¬ 
mission  lines,  and  since  these  must 
usually  run  overhead,  the  minimum 
lengths  are  likely  to  be  20  ft  or  more 
even  for  very  compact  layouts.  This 
makes  the  parallel  tuning  arrange¬ 
ment  of  Fig.  6  the  logical  choice. 

Another  load  arrangement  is 
shown  in  Fig.  8.  Its  usefulness  is  lim¬ 
ited  to  special  cases.  In  this  setup  the 
electrodes  are  placed  at  the  sides  of 
the  assembly  rather  than  on  the  top 
and  bottom.  With  such  an  arrange¬ 
ment  the  current,  instead  of  flowing 
uniformly  through  the  wood,  tends  to 
concentrate  in  the  glue  lines,  due  to 
the  moisture  which  they  contain.  As 
a  result,  the  glue  rises  quickly  in 
temperature  to  about  the  boiling 
point  and  curing  is  almost  immediate 
(providing  the  glue  used  ordinarily 
sets  rapidly  at  210  deg.  F  or  lower). 
Since  the  only  power  required  is  that 
necessary  to  heat  the  glue  lines  and 
the  immediately  adjacent  wood,  the 
action  is  many  times  more  efficient 
than  when  all  the  wood  must  be 
heated.  There  are  several  practical 
drawbacks  which  limit  the  useful¬ 
ness  of  this  method.  However,  where 
it  can  be  used,  as  in  one  case  noted 
below,  the  results  are  outstanding. 

The  actual  arrangements  of  elec- 
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trodes  are  worth  noting,  since  they  can  be  seen  at  the  left  in  Pig.  6  and  that  the  glue  comes  up  to  a  tempera- 

illustrate  the  approach  to  several  part  of  the  length  (it  is  25  ft.  over-  ture  of  over  200  deg.  in  a  period  of 

common  application  problems.  all)  in  Fig.  9.  The  retaining  mem-  ten  to  fifteen  seconds.  The  joints 

bers  of  this  press  are  U-shaped  chan-  made  in  this  press  have  been  care- 

CoBMctiag  t-P  to  PrctMt  nel  irons  welded  to  form  a  rigid  fully  tested  by  several  laboratories 

A  „  .  ,  ,  ,  framework  and  supported  by  a  wood  and  found  to  exhibit  strength  which 

As  noted  above,  a  transmission  .  .  ■  ^  •  .  •  „  •  u  t- 

.  frame  in  a  convenient  working  posi-  in  all  cases  is  above  specifications, 

line  from  the  r-f  generator  is  ar-  .  j  •  j.  •  iT  j  •  *  •  4. 

.  ...  V  j!  j  4.  tion.  An  end  view  diagram  is  shown  and  in  most  cases  is  greater  than 

ranged  so  that  power  may  be  fed  to  .  *  xv  4.  #  j  -4. 

any  of  three  nress  nositions  This 

Vrxix  ^  A  \  *  Bosrds  to  be  edge-glued  are  placed  The  second  press  position,  in  the 

line  consists  of  an  inner  conductor  of  4.  i  j-  J 

«  4.  u-  4.  j  side  by  side,  with  the  outer  edge  of  ordinary  sequence  of  operations,  is 

one-half  inch  copper  tubing,  mounted  ,  ,  •  x  4.1.  xv  if  -  •  x-  o  1  !i-ir 

A  4.^  A  tt  j  X  one  board  pressing  against  the  re-  the  scarf-jomting  press.  Several  dif- 

on  4-in.  standoffs,  and  an  outer  con-  ^  ^  ,  ®  ,  ..  ,  v  u  ax 

A  -X..-  ifux_xi  xi-x  X  taming  frame  and  the  outer  edge  of  ferent  presses  have  been  used  for 
ductor  of  sheet  metal  in  the  form  of  ® ,  .  .  ...  x  x-  ^  x 

^  • _ X  J  XT  A  1  e  •  u  J  the  other  board  pressing  against  a  this  purpose,  the  most  satisfactory 

an  inverted  U.  A 1  x  6-in.  board  sup-  ,  ^  ^  1.  •  v  x  xv  ^  •  •  x 

..-X  XI.  1-  XU  u  -x  X-  length  of  deflated  fire-hose.  Pressure  of  which,  from  the  r-f  viewpoint,  was 
ports  the  line  through  its  entire  x,.  4.  1.  -xu  «  j  x,  1  xu 

. _ X.  rru-..  4 _  *1-  u  xu  IS  applied  by  filling  the  fire-hose  with  an  all-wood  press  using  two  lengths 

length.  This  type  of  line  has  the  me-  ^  x../.,.,.  x  xi.  4.  4t  4-  i.  x  ux  •  xu 

u„„-  J  #  X  J  X  water  at  100  lb  pressure.  As  the  fire-  of  fire-hose  to  obtain  the  necessary 

chanical  and  safety  advantages  of  a  ,  j  -x  xu  4__  xu  x  i  u  j 

X _ 1-  ..  xu  X  xu  IX  hose  expands  it  presses  the  two  pressure  on  the  top  caul  board. 

concentric  type  line  without  the  volt-  ,  ,  ^  ,  x  xu  j  u  u  mu  x  ^  1  x  .i..  •» 

ui  •  1  A  •  xu  boards  firmly  together  and  holds  The  arrangement  of  electrodes  is 

age-flashover  problem  involved  in  the  ,  ,  •  j  4fx  u  •  n  t  xu-  -  x 

A  X  •  1-  X  them  for  as  long  as  required,  after  shown  in  Fig.  11.  In  this  instance 

use  of  standard  concentric  lines  of  ,  .  ,  ,  ® ,  -  xu  uiuJ^xu  j-uxj 

4.W.011  A  -Kjf  which  a  valve  at  the  far  end  is  oper-  the  whole  body  of  the  wood  is  heated 

relatively  small  diameter.  Moreover,  x  ,  x  ,  x,  /  -  x  -xu  u  x-  1 

.-x  4.oc,;i„  X  J  if  j-1  ated  to  release  the  pressure.  (experiments  with  heating  only 

it  IS  easily  constructed  from  readily  f  ^  ,  x  j  xu  u  xu  1  1-  u  -  -  u  j 

...o-x  ^A  -1  u  J  The  arrangement  of  electrodes  through  the  glue  line  having  yielded 
available  parts  and  easily  changed  ^  -xu  xu.  ^  .  x-  ui  ix  \  1:1  x 

when  necessary  '  used  with  this  edge-gluing  press  may  questionable  results).  For  most  op- 

o«,iX4.u; _ 1-  u  J  u  1  -if  be  seen  in  Fig.  10.  The  top  electrode  erations  a  number  of  scarfs  are  done 

Switching  IS  accomplished  by  knife-  .uxo.  .j  xuxxu  -xx  x-  -  ix.^ 
u  .  1.  «„,  x-u  X  J  X  J  XT  IS  about  8  in.  wide,  so  that  the  joint  at  one  time  since  plenty  of  power  is 

bi'J'^  switches  mounted  on  standoffs  x  u  ,  j  xf  „  u  -xu-  -i  ui  j  -  •  u  ji- 

.U.4U,  xu..  T  t:'-  c  X  to  be  glued  can  fall  anywhere  within  available  and  a  saving  in  handling 
direcuy  in  the  line.  In  Fig.  5  one  of  .  . ,,,  m,  ,  x  ^  1  x-  -  i»  x  j  aa  1  -  •  ux  x 

^hese  switches  mav  be  seen  at  the  electrodes  are  nearly  time  is  effected.  Making  eight  scarf 

,i*»i>x  Q  I44  i  X-  #  xu  1-  X  25  ft  long,  allowing  boards  as  long  joints  as  shown  usually  requires 
right-angle  junction  of  the  lines  to  ,.  j  x  x  u  u  x  x  •  x  a  ^  -...--x 

,  if  xu  44  the  press  will  accommodate  to  be  about  ten  minutes.  A  scarf  joint 

glued  in  one  operation.  Gluing  in  made  in  this  manner  is  shown  in 
*  XX  A  X  «  ■  J  this  case  is  accomplished  by  making  Fig.  12. 

Spar  MQNHfactHring  Procedure  x  4.  xu  x  a  xu  ,  xu  mu  xu-  j  x-  -  xu  x 

most  of  the  current  flow  through  the  The  third  press  operation  is  that 
The  first  of  three  presses  to  be  used  glue  line.  of  assembling  the  several  layers  to 

in  the  spar-manufacturing  operation  Using  only  part  of  the  available  make  the  6  x  6-in.  block.  This  is  done 
is  the  edge-gluing  press.  This  is  a  power,  edge  joints  in  boards  16i  ft  in  a  large  press  which  originally  was 
press  which  was  built  on  the  location  long  are  securely  set  in  two  minutes,  used  in  making  simple  laminated 
for  this  particular  job.  An  end  of  it  Temperature  measurements  show  (Continued  on  page  196) 


frame 


FIG.  14 — Arrangement  of  electrodee  and  tuning  inductance!  (stubs)  on  the  large 
press.  Two  tuning  inductances  are  used  in  order  to  reduce  Toltage  Toriation  due  to 
the  standing  wore  along  the  platen 


FIG.  15 — Piece  cut  from  the  end  of  the 
6  in  X  6  in.  X  16V^-ft  block  from  which 
the  multi-laminar  spar  is  cut 


I 
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LEFTt  Bottvry  ol  squod 
ccm  •quipped  with  mobUa 
p-m  communlcortlon  cqalp- 
iMnt 

BELOWs  Control  ponol  for 
mobilo  racUotolophono  Mt 
Is  mountod  at  boss  oi 
dashboard  In  sqnad  can 


Forty-four  mobile  units  with  two-way  phase- 
modulated  radio  equipment  and  seven  super¬ 
visory  cars  with  receivers  keep  streetcars  and 
buses  operating  smoothly  under  all  emergen¬ 
cies,  proving  the  eflFectiveness  of  low-power 
p-m  in  covering  190  square  miles  of  territory 


The  phase-modulated  radio  com¬ 
munication  system  which  is  be¬ 
ing  used  by  the  Chicago  Surface 
Lines  to  provide  city-wide  coverage 
for  emergency  operation  now  has  a 
background  of  a  year  and  one-half 
of  successful  operation. 

The  system  fulfills  an  important 
need  when  fires,  floods,  accidents  or 
other  emergencies  endanger  life  and 
property  and  normal  communica¬ 
tion  is  not  readily  available.  It  has 
even  been  called  upon  to  obtain 
medical  attention  for  streetcar  pas¬ 
sengers  suddenly  taken  ill,  and  in  at 
least  one  case  a  squad  car  became 
an  emergency  maternity  ward.  Fur¬ 


thermore,  by  bringing  squad  cars  to 
accidents  promptly,  the  system  has 
materially  aided  in  adjustment  of 
claims  and  reduction  of  losses. 

With  an  area  of  some  one-hun¬ 
dred  square  miles,  Chicago  has  a 
population  of  approximately  three 
and  one-half  million  persons  served 
by  several  transportation  systems, 
of  which  the  largest  is  the  Chicago 
Surface  Lines.  This  system  pro¬ 
vides  approximately  four  million 
passenger  rides  per  day  by  means 
of  approximately  3500  streetcars, 
electric  trolley  buses  and  gasoline- 
powered  buses,  of  which  the  latter 
are  used  primarily  in  outlying  sec¬ 


tions  of  the  city  as  feeders  to  the 
main  streetcar  system. 

The  operation  and  maintenance  of 
so  vast  a  transportation  system  re¬ 
quires  an  elaborate  means  of  com¬ 
munication  which  in  the  past  has 
been  provided  largely  by  telephone 
service.  Telephone  service,  how¬ 
ever,  has  been  found  inadequate  for 
meeting  the  various  emergencies 
which  must  necessarily  be  expected 
to  arise  when  several  thousand  mo¬ 
bile  units  are  in  constant  use,  for 
a  telephone  communication  system 
operates  satisfactorily  in  only  one 
direction.  While  it  is  possible  for 
streetcar  operators  to  phone  the 
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ABOVE:  FIG.  1— Functional 
diagram  illustrating  opera¬ 
tion  oi  p-m  radio'  system 
used  by  Chicago  Surface 
Lines 

LEFT:  Main  antenna  tower. 
Receiring  dipole  can  be 
seen  at  the  86-ioot  ierel  on 
the  267-ioot  tower 

RIGHT:  Interior  Tiew  of 
Motorola  transndtter  and  re- 
ceirer  unit  at  main  station. 
The  tank  in  the  comer 
maintains  dry  atmosphere 
of  nitrogen  in  coaxial 
cables.  On  wall  at  left  are 
a  Weston  photoelectric  con¬ 
trol  unit  for  tower  lights 
and  a  Sola  corutont-Toltage 
transformer 


central  office  in  the  event  of  emer¬ 
gency,  it  is  not  possible  for  the  cen¬ 
tral  office  to  get  in  touch  with  the 
public  transportation  units  or  squad 
cars,  wrecking  wagons  or  line 
trucks  whose  positions  vary  con¬ 
stantly. 

Oetline  of  System 

The  radio  system  which  has  been 
installed  provides  two-way  com¬ 
munication  between  a  dispatcher’s 
office  located  in  the  loop  and  44  mo¬ 
bile  units  distributed  throughout 
various  sections  of  the  city.  In  ad¬ 
dition,  seven  automobiles  are  pro¬ 


vided  with  receivers  for  one-way 
communication  and  are  used  by  ex¬ 
ecutives  of  the  company  for  super¬ 
visory  control.  All  transmitters  and 
receivers  operate  on  the  same  car¬ 
rier  frequency.  Since  all  receivers, 
are  in  continuous  operation,  each 
mobile  unit  is  kept  in  constant 
touch  with  other  units  and  with  the 
dispatcher’s  desk. 

Of  the  44  two-way  mobile  units, 
18  are  installed  in  Chevrolet  pas¬ 
senger  automobiles  which  tour  the 
entire  city  throughout  the  day  for 
approximately  18  hours.  Only  three 
of  these  cars  are  used  during  the 
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FIG.  2 — Simplified  schematic  wiring  diagram  of  p-m  mobile 
transmitter  deliTering  30  watts.  A  similar  unit  but  with  two  607 
(or  RK39)  tubes  in  parolUl  in  the  final  r-f  stage,  and  powered 
from  o  rectifier-filter  system  rather  than  from  storage  botteries 


and  a  generator,  is  used  os  the  exciter  unit  for  the  remotely- 
controlled  main  transmitter.  For  purposes  of  simplicity,  numerous 
protectiTe.  remote  control  and  interlocking  circuits  bore  been 
omitted  from  this  diagram 


R13 — 33.000  ohms 
B1 3— 230,000  ohms 
R14— -100  ohms 
R15— 1,000  ohms 
RIO — 150,000  ohms 
R17— 220,000  ohms 
RIO— 100  ohms 
Rl»— 1,000  ohms 
R20— 150,000  ohms 
R21— 220,000  ohms 
n22— 100  ohms 
R23— 1,000  ohms 


R24— 2,200  ohnu 
R25— Viohm 
R2I — ^20,000  ohms 
R27— 22,000  ohms 
R2t— 220,000  ohms 
R2»— 220,000  ohms 
R30— 22,000  ohms 
R31— «70  ohms 
R32 — 5,000  ohms 
R33 — II  ohms 
R34— 22,000  ohms 
R35— 27,000  ohms 


C37  to  C41 — trlnuners 
R1  —470,000  ohms 
R2  —1,000  ohnu 
R3  —10,000  ohms 
R4  —47,000  ohms 
R5  —47,000  ohnu 
Rl  — 100  ohms 
R7  —4,700  ohms 
Rl  — 330  ohms 
Rl  —100,000  ohms 
RIO— 100,000  ohms 
Rl  1—33,000  ohms 


remaining  six  hours.  Effective  cov-  pairs  of  overhead  contact  wires  and  provides  complete  coverage  of  the 
erage  of  all  of  the  company’s  trans-  feeders.  These  trucks  are  also  city  with  the  250-watt,  39.86-Mc 
portation  units  is  provided  by  these  available  for  emergency  service.  phase-modulated  transmitter  lo- 
squad  cars.  Fifteen  wreck  wagons  Communication  from  a  central  cated  in  the  small  building  at  the 
equipped  with  two-way  units  are  lo-  dispatcher’s  office  in  the  centrally  base  of  the  tower.  The  transmitter 
cated  throughout  the  city  in  the  located  business  district  with  the  and  receiver  are  connected  to  a  ver- 
company’s  garages,  which  are  con-  51  mobile  units  is  made  possible  by  tical  half-wave  antenna, 
nected  by  telephone  lines  to  dis-  a  remotely  controlled  transmitter  and  Figure  1  indicates  the  functional 
patcher’s  office.  These  wreck  wag-  receiver  combination  operating  un-  arrangement  of  the  communication 
ons  serve  to  remove  stalled  vehicles  der  the  call  letters  WAYH.  The  units  of  the  system, 
from  the  right  of  way,  clear  colli-  transmitter  and  receiver  are  located  Although  the  origination  of  a  sat- 
sions  between  vehicles  when  these  in  a  small  tile  building  at  the  base  isfactory  communication  system  is 
occur  at  locations  which  would  of  a  267-foot  triangular  steel  tower  in  itself  a  design  problem  of  appre- 
block  the  passing  of  the  company’s  at  Madison  Street  and  Austin  Boule-  ciable  magnitude,  the  organiza- 
passenger-carrying  units;  guard  vard.  tion  and  proper  administration  of 

fallen  wires  and  feeder  cables  while  This  site  marks  the  western  city  the  operating  personnel  requires  the 
awaiting  arrival  of  regular  repair  limits  and  the  dividing  line  between  services  of  several  hundred  em- 
crews ;  cooperate  with  the  fire  de-  the  north  side  and  the  south  side  of  ployees.  Each  of  the  men  in  the 
partment  at  fires  to  maintain  regu-  the  city.  This  site  was  determined  squad  cars  and  the  foreman  of  the 
lar  transportation  and  to  safeguard  by  Motorola  engineers  after  a  com-  wrecking  wagons  and  cable  trucks 
life  and  lyoperty  and  perform  sim-  plete  survey  of  the  city  for  a  suit-  are  required  to  possess  restricted 
ilar  emergency  functions.  able  location.  It  offers  a  low  noise  radio  telephone  licenses  in  order  to 

The  remaining  11  two-way  mobile  level  to  facilitate  the  reception  of  operate  the  radio  equipment  in  the 
units  are  located  on  trucks  equipped  signals  from  the  mobile  units  lo-  automobiles.  In  all,  some  250  em- 
to  handle  the  installation  and  re-  cated  at  any  point  in  the  city  and  ployees  otf  the  Chicago  Surface 
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jines  have  radio  licenses  for  operat- 
r\g  such  equipment.  This  number 
acludes  a  sufficient  number  of  men 
:or  maintaining  24-hour  operation 
)f  the  system  and  for  relief  person- 
lel  to  replace  those  on  vacations. 

It  is  estimated  that  during  a  nor¬ 
mal  day’s  operation,  between  100 
md  200  messages  per  day  are  trans¬ 
mitted  over  this  system.  This  is 
ipproximately  an  average  of  four 
;alls  per  mobile  unit  each  day. 

Although  all  components  of  the 
lystem  have  been  found  to  operate 
n  a  highly  satisfactory  manner,  a 
maintenance  and  repair  shop  is  op- 
‘rated  at  one  of  the  storage  barns 
md  garages  owned  by  the  surface 
ines.  Several  spare  units  are  al¬ 


ways  kept  available  in  this  shop  for 
immediate  replacement  should  this 
become  necessary.  By  according 
proper  service  to  the  transmitters 
and  receivers  in  the  mobile  units, 
major  repairs  are  reduced  to  a  min¬ 
imum. 

Mobil*  Uaits 

Flexibility  of  operation  has  been 
one  of  the  foremost  design  charac¬ 
teristics  in  establishing  this  radio 
system.  Not  only  is  the  equipment 
of  one  mobile  unit  interchangeable 
with  that  mounted  on  any  other  mo¬ 
bile  unit,  but  with  minor  modifica¬ 
tions  which  may  be  easily  effected, 
the  same  equipment  is  used  in  the 
main  transmitting  and  receiving 


station.  Such  a  system  makes  pos¬ 
sible  the  ready  replacement  and 
servicing  of  units  which  may  not 
perform  as  well  as  may  be  expected 
or  which  may  become  damaged  in 
service.  Accordingly,  a  description 
of  the  equipment  in  the  mobile  unit 
will  likewise  constitute  a  descrip¬ 
tion  of  the  major  part  of  the  trans¬ 
mitting  and  receiving  equipment  of 
the  main  station. 

A  complete  installation  for  a  mo¬ 
bile  unit  includes  the  following 
equipment:  (1)  antenna;  (2)  re¬ 
ceiver;  (3)  transmitter;  (4)  control 
head;  (5)  microphone;  (6)  connec¬ 
ting  cable;  (7)  accessory  kit  and 
instruction-service  manual. 

The  antenna  is  customarily 


10.  3 — Wiring  diogrom  ol  tho  p-m  rocoivor  uaod  in  mobUo  units, 
in  input  stag*  of  r-f  conpliiication.  two  limitors,  and  squolch 
Ircuils  aro  iooturos  of  this  double  suporhotorodyno.  both  oscillo- 


1  — 3.5  to  50  iitil 

2  —500  mi.  400  ▼ 

3  —5,000  MSl.  400  T 

4  —5,000  nni.  400  T 
— 1  mi 

—2,000  smI.  <mK)  T 
— 5  to  44  mi 
—5,000  mi.  400  T 
— 5  to  44  mi 

10 —  iOO  mi.  400  T 

11— 5,000  mi.  400  T 

12 —  5  to  44  mi 

13— 10  mi.  500  ▼ 

14 —  10  nnt.  500  V 

15— 5  to  44  mi 

16— 500  mi.  400  T 

17— 5,000  mi.  400  T 
16—5,000  ssi.  400  T 

19 —  5  to  44  mi 

20 —  10  mi.  650  ▼ 


C21— 10  mi.  650  ▼ 
C22 — 5  to  44  iMfii 
C23— 500  mi.  400  t 
C24— 5,000  mi.  400  t 
C25— 0.05  si,  600  T 
C2*— 5,000  Msi,  300  ▼ 
C27— 2,000  ssf,  500  t 
C23 — 35  mi  max. 

C20 — 140  mi  max. 
C30— 0.01  si.  2500  T 
C31— 2,000  ssi.  500  ▼ 
CSX— 2,000  ssi.  500  ▼ 
C33— 40  si.  25  T 
C34— 2,000  ssi.  500  t 
C35— 6  si.  10,000  T 
C36— 2  si,  1,000  T 
C37— 100  ssi,  400  ▼ 
C30— 0.05  si.  600  T 
C30— 0.05  si.  600  T 
C40— 5  to  44  ssi 


C41— 50  ssi,  200  T 
C42— 50  ssi.  200  T 
C43 — 5  to  44  ssi 
C44— 100  ssi.  400  ▼ 
C45— 0.05  si.  600  T 
C40— 40  SMi.  200  T 
C47— 5  to  44  stti 
C4t— 500  nfti.  400  T 
C49— 500  ssi.  400  T 
C50— 40  ssi,  200  r 
C5i — 5  to  44  mi 
CSX— 2,000  mi.  400  T 
C53— 0.05  si,  600  ▼ 
C54— 2,000  s/d.  400  ▼ 
C55— 5,000  ssi,  400  ▼ 
C50— 15  si.  250  T 
C57— 5,000  s/d.  400  ▼ 
C50— 5,000  s/d.  400  ▼ 
CS»— 0.05  si.  600  ▼ 
COO— 0.05  si,  600  T 


ton  of  which  are  crystal  controlled.  ReceiTen  for  mobile  unite 
employ  battery  and  ribrator  power  supply.  SimUor  units  wiUi 
supply  from  rectifier-fUter  systems  are  used  at  the  main  station 

C61— IS  si.  250  ▼  R13— 470,000  ohms  a33— 27,000  ohms 

Ct2— 5,000  s/d,  400  t  R14— 27.000  ohms  R34— 100,000  ohms 

C63— 5,000  ssi.  400  ▼  R15— 330  ohms  R3S — 470,000  ohms 

CS4— 100  ssi.  400  T  R16 — 47,000  ohms  R36— 100,000  ohms 

COS— 20  si.  25  ▼  R17— 150,000  ohms  R37— 1  megohm 

C72 — 2,000  s/d.  400  ▼  R18 — 10,000  ohms  R30 — 1  megohm 

C73 — 0J)2  si.  600  T  R19 — 1  megohm  R39— 470,000  ohms 

C74— 0.25  si,  100  T  R20— 1  megohm  R40— 15,000  ohms 

R1  —100,000  ohms  R21 — 100,000  ohms  R41 — 1  megohm 

R2  — 270  ohms  R22 — 1  megohm  R42 — 1  megohm 

R3  — 69,000  ohms  R23 — 560  ohms  R43 — 1  megohm 

R4  —4,700  ohms  R24— 27,000  ohms  R44— 270,000  ohms 

R5  — 4.7  megohms  R25 — 100,000  ohms  R45 — 6,800  ohms 

R6  —47,000  ohms  R26 — 47,000  ohms  R46 — 4,700  ohms 

R7  —47,000  ohms  R27 — 1  megohm  R47 — 47,000  ohms 

R8  —27,000  ohms  R26—1 .5  megohm  R46— 270,000  ohms 

R9  —470,000  ohms  R29— 100.000  ohms  R49— 820,000  ohms 

RIO— 100,000  ohms  R30— 27,000  ohms.  R50— 220,000  ohms 

Rll — 330  ohms  R31 — 1.5  megohm  R5i — 2.2  megohms 

R12 — 15,000  ohms  R32 — 100,000  ohms  R52 — 1,000  ohms 

R53— 4,700  ohms 


ssorsT 
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transmitter  is  obtained  from 
heavy-duty  storage  battery.  This  isj 
used  to  operate  the  filaments  of  thej 
transmitter  tubes. 


It  also  supplier 
power  to  drive  the  dynamotor. 
which  provides  160  ma  at  600  volts 
for  the  final  power  amplifier,  as 
well  as  240  volts  for  the  supply  of 
the  oscillator  and  exciter  amplifiers 
A  simplified  schematic  wiring 
diagram  of  the  mobile  transmitter 
is  shown  in  Fig.  2.  The  transmitter 
employs  a  7C7  oscillator  connected 
as  a  triode,  two  frequency  quadrup 
ling  stages  each  using  a  7C7  tube, 
and  a  frequency  doubler  using  a 
6V6  beam  power  tube  whose  power 
output  is  fed  to  the  grid  circuit  of 
the  final  stage  employing  one  SOT 
or  one  RK-39  beam  tube  as  the 
power  amplifier.  In  addition,  two 
7A8  tubes  in  a  push-pull  arrange¬ 
ment  are  used  simultaneously  as 
r-f  amplifiers  at  the  crystal  fre¬ 
quency  and  as  a  push-pull  modu 
lator.  It  will  be  seen  that  the  fre¬ 
quency  is  multiplied  32  times  in  the 
various  amplifying  stages,  and  ac 
cordingly  the  quartz  crystal  oper 
ates  at  ^  of  the  assigned  carrier 
frequency,  or  at  1,245.6  kc. 

The  first  r-f  amplifier,  operating 
at  the  crystal  frequency,  is  also  the 
modulator  and  makes  use  of  a  pair 
of  7A3  tubes  in  a  push-pull  arrange 
ment.  R-F  energy  from  the  crystal 
oscillator  is  fed  through  a  phase- 
splitting  circuit  to  the  first  grid  of 
each  of  the  7A8  tubes,  whereas  the 
audio  voltage  from  a  split-phase 
microphone  transformer  is  fed  t' 
the  second  control  grid  of  the  7A> 
tube  to  provide  phase  modulation 
Either  a  military  type  microphon' 
or  a  cradle  type  hand  set  may  be 
used  interchangeably  if  the  receivei 
in  the  hand  set  is  not  to  be  used 
The  schematic  wiring  diagram 
does  not  show  the  details  of  the  var 
(Continued  on  page  238) 


Gobi*  truck  uquippud  with  radio  fcicilitiM.  Tho  ttool  rod  ontonna  mountod  on  roof  of 
driTor'g  cab  ii  at  a  4S-do9.  anglo  pointing  forward,  and  tho  two  radio  unite  or#  mountod 
in  tho  woodon  com  holow  tho  largo  gong.  Microphono,  loudapookor,  and  control  ponol 
oro  mountod  inddo  roof  of  drioor's  coh 


FIG.  4 — Schomatic  wiring  diagram  of  push-pull  noutralizod  final  r-f  powor  ampliiior 
doliToring  250  watte  output 
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Post-War 


INDUSTRIAL  EQUIPMENT 

Distribution 


There  are  three  types  of  electronic  gear — devices  which 
will  probably  have  to  be  sold  by  their  manufacturer, 
products  which  can  be  merchandised  by  “middle  men” 
and  component  parts.  Education  of  industry  rather  than 
engineering  is  the  key  to  the  future 


By  S.  S 


INDUSTRIAL  electronics,  in  the 
author’s  opinion,  will  develop 
less  rapidly  than  many  people  think, 
immediately  after  the  war,  due  to 
several  factors: 

First:  The  demand  for  new  home 
radios  and  other  communications 
equipment  will  to  some  extent  domi¬ 
nate  the  initial  post-war  activities 
of  the  industry. 

Second:  Many  circuits  needed  to 
practically  adapt  electronic  princi¬ 
ples  to  industry  are  being  developed 
during  the  war  period  and  it  will 
take  time  to  convert  them  to  peace¬ 
time  use. 

Third:  Education  of  industry  to 
the  use  of  electronic  equipment  must 
be  more  widespread.  It  must  also  be 
based  on  sound  economic  facts  and 
will  require  time  and  effort  to  de¬ 
vise  and  execute. 

Fourth:  A  complete  new  distribu¬ 
tion  plan  must  be  developed  to  sell 
many  newly-created  industrial  items. 

Tlir««  Types  of  Gear 

In  spite  of  these  initial  difficulties 
the  industrial  electronics  field  ’  is 
destined  to  become  one  of  our  largest 
industries.  Speed  of  market  devel¬ 
opment  will  depend  to  a  considerable 
extent  upon  solution  of  the  distribu¬ 
tion  problem. 

Unfortunately,  industrial  elec¬ 
tronics  has  no  precedent  on  which  to 
base  a  distribution  plan.  Its  wide 


EBERT 

scope  requires  a  plan  which  reaches 
and  informs  people  with  such  widely 
divergent  interests  as  scientists, 
teachers,  design  engineers,  produc¬ 
tion  managers,  service  engineers, 
sales  engineers  and  other  personnel 
in  many  fields  and  industries. 

Industrial  electronic  equipment 
may  be  divided  into  three  main 
groups,  as  follows : 

Group  1 — Devices  which  require 
direct  selling  by  the  manufacturer. 

Group  2 — Devices  which  may  be 
sold  by  “middle  men”  but  which  re¬ 
quire  specialized  knowledge  for  in¬ 
stallation. 

Group  3 — Basic  component  parts. 

A  short  discussion  of  each  of  these 
groups  may  help  the  reader’s  think¬ 
ing. 

Oiraet  Distribation 

Group  1 — Items  of  direct  sale  will 
require  highly  specialized  selling 
knowledge.  Each  sale  will  have  large 
dollar  value.  In  areas  where  the  vol¬ 
ume  of  business  warrants  it,  factory 
branch  offices  may  be  maintained.  In 


areas  where  there  is  insufficient  vol¬ 
ume  the  work  would  have  to  be  han¬ 
dled  direct  from  the  home  office 

One  industrial  item  which  at  pres¬ 
ent  appears  to  be  in  this  group  is 
the  electronic  heating  unit.  Even 
though  the  actual  basic  units  may  be 
similar  for  many  varied  applications, 
only  trained  specialists  thoroughly 
familiar  with  the  equipment  and  its 
application  can  sell,  install  and  serv¬ 
ice  it.  This  is  due  to  the  highly  spe¬ 
cialized  knowledge  necessary  for  ap¬ 
plications  involving  processes  of 
welding,  melting,  brazing,  plating, 
etc.,  on  varied  products  such  as 
metals,  wood  and  plastics. 

In  merchandising  this  type  of 
equipment,  literature,  advertising 
and  sales  effort  must  be  based  prin¬ 
cipally  (m  cost-saving  thoughts. 

Jobber  DistribofioH 

Group  2-^This  group  includes  in¬ 
dustrial  electronic  devices  which  can 
be  packaged  and  sold  through  jobbing 
outlets  with  trained  sales  and  serv¬ 
ice-engineering  personnel.  Examples 
of  such  items  are  packaged  photo¬ 
electric  relays,  capacity  relays  and 
specialty  test  equipment. 

From  present  indications  the  bulk 
of  the  items  in  this  group  will  first 
be  distributed  by  electrical  or  elec¬ 
tronic-radio  jobbing  houses.  As  the 
volume  of  the  individual  items  in¬ 
creases  some  distribution  will  be 
taken  over  by  other  jobbers  serving 
specific  fields,  such  as  those  handling 
mill  supplies. 

Jobbers  can  obtain  technical  help 
(Continued  on  page  200) 


ONE  MAN’S  OPINION 

THE  AUTHOR  is  a  salasmon  of  slactToiiic  apparatus,  with  o  tschnical  back- 
qroond  and  considsrabls  practical  experience  in  the  field.  His  future  business 
prospects  depend  largely  upon  coreful  planning  for  things  to  come 

THE  PREDICTIONS  adTonced  here,  neyertheless.  represent  lust  one  man's 
opinion.  He  may  be  right  or  he  may  be  wrong  in  his  thinking  concerning  the 
post-war  industrial  market.  Comment  is  incited 


ELECTRONICS  —  January  1944 


107 


Collector 

terminal 


A  detailed  analysis  of  actions  occurring  in  an  Iconoscope  when  an  elemental  area  of 
the  mosaic  is  homharded  hy  the  scanning  electron  heam  under  conditions  varying  from 
dark  to  light.  The  sticking  effect,  important  in  projection  kinescopes,  is  explained 


electron  gun 


Target 

terminal 


FIG.  1  (<xboTe) — Essential  features  of  spe¬ 
cial  certhode-roy  tube  deTeloped  for  study¬ 
ing  electron  bombardment  of  target 
surfaces 

FIG.  2  (right) — Ratio  of  secondary  electrons 
to  primary  electrons  os  plotted  against 
speed  of  primary  electrons  when  using  a 
pure  nickel  target  in  the  tube  of  Fig.  1 
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Speed  of  Primary  Electrons 
in  Equfvcient  Vblfs 


FIG.  3  (left) — Ratio  of  collector  current  to 
beam  current  as  plotted  against  negatiye 
retarding  potential  (collector  negatlTe  with 
respect  to  target)  when  using  a  pure  nickel 
target  and  a  fixed  primary  electron  speed 
of  500  equiyalent  Tolts  in  the  cathode-ray 
tube  of  Fig.  1 


IN  AN  ORDINARY  VACUUM  TUBE  there 
are  two  main  effects — the  con¬ 
trolled  unidirectional  flow  of  elec¬ 
trons  from  cathode  to  plate,  and  the 
bombardment  of  the  plate  by  these 
electrons.  The  controlled  unidirec¬ 
tional  conduction  is  in  these  tubes 
the  desired  effect,  and  the  electron 
bombardment  is  generally  undesir¬ 
able  because  it  heats  the  collecting 
electrode  and  results  in  energy  losses. 

While  modem  all-electronic  televi¬ 
sion  makes  use  of  a  great  number  of 
ordinary  radio  vacuum  tubes,  its 
actual  functioning  depends  mainly 
on  cathode-ray  tubes  at  the  trans¬ 
mitting  and  receiving  ends  of  the 
television  system.  In  television  cath¬ 
ode-ray  tubes  the  same  two  main  ef¬ 
fects  exist,  but  with  an  important 
difference — the  electron  bombard¬ 
ment  is  utilized,  while  the  unidirec¬ 
tional  conduction  is  incidental  to  the 
operation  of  the  tubes.  Electron 
bombardment  of  targets  and  the  re¬ 
sulting  secondary  emission  make  pos¬ 
sible  the  operation  of  both  the  Kine¬ 
scope  (receiving  tube)  and  the  Icon¬ 
oscope  (camera  pickup  tube). 

There  is  another  distinction  be¬ 
tween  the  ordinary  vacuum  tube  and 
the  television  cathode-ray  tube.  In 
ordinary  tubes  the  plate  acts  as  both 
the  target  and  the  collector,  whereas 
in  television  tubes  the  target  is  either 
an  insulator  or  an  insulated  con¬ 
ductor,  with  the  collection  of  elec¬ 
trons  being  done  by  another  elec¬ 
trode.  This  collecting  electrode  is 
usually  the  second  anode. 

When  a  surface  is  bombarded  by 
electrons  of  considerable  velocity,  the 
incident  electrons  may  impart  to  the 
electrons  near  the  surface  sufficient 
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TUBES 


ondary  emission  ratio  is  generally 
greater  than  for  the  clean  surface 
shown.) 


i  *  t  Eqalllbrlaw  PotMtial  of  Target 

-  I  I  At  a  given  voltage  difference  be- 

n  'g-JI  /  ^  tween  the  target  and  the  cathode  one 

^  H  I  may  apply  increasing  negative  or  re- 

^  -  ..  tarding  voltages  on  the  collector  with 

function  of  the  retarding  voltage  is 

the  curve  goes  through  a  ratio  value 
of  unity,  the  target  current  /,  is 
equal  to  zero.  This  ii?  an  important 

energy  to  escape  from  the  surface,  of  secondary  current  to  primary  cur-  point  on  the  curve.  Since  there  is  no 
The  incident  electrons  are  called  the  rent  (/.//,)  is  greater  than  unity,  current  flowing  to  the  target,  the 
primary  electrons,  while  the  elec-  When  /,  is  positive,  the  ratio  is  less  lead  to  the  target  may  be  cut  under 
trons  leaving  the  surface  are  called  than  unity,  and  when  /,  is  zero  the  the  conditions  at  P  without  disturb- 
the  secondary  electrons.  The  number  ratio  is  unity.  A  curve  of  variation  ing  either  the  electrode  potentials  or 
of  secondary  electrons  emitted  for  of  this  ratio  for  pure  nickel  target  as  the  currents  to  them, 
each  primary  electron,  and  the  veloc-  a  function  of  velocity  of  primary  Since  the  potential  of  the  target  is 
ity  of  the  secondaries,  vary  with  the  electrons  is  shown  in  Fig.  2.  (For  a  not  changed  when  the  target  lead  is 
velocity  of  the  primary  electrons  and  contaminated  metal  surface  the  sec-  cut  under  the  conditions  at  P,  the 
with  the  chemical  nature  and  physi¬ 
cal  condition  of  the  surface. 


loMbordinoRt  Rosoareb  Tobo 

In  Fig.  1  a  typical  tube  for  study¬ 
ing  electron  bombardment  of  a  given 
surface  is  shown.  The  target  is  lo¬ 
cated  at  the  center  of  a  metallic 
sphere  and  is  kept  at  a  desired  po¬ 
tential  with  respect  to  the  cathode, 
thereby  assuring  a  definite  velocity 
of  the  bombarding  primary  electrons. 
The  electron  beam  is  produced  in  a 
conventional  electron  gun  and  enters 
the  sphere  through  a  small  hole  in 
its  wall.  Provisions  are  made  for 
varying  the  potential  of  the  sphere 
with  respect  to  the  target,  as  well  as 
for  reading  the  currents  to  the  tar¬ 
get,  the  sphere  and  the  beam  cur¬ 
rent. 

For  a  conducting  target,  such  as 
pure  nickel,  the  target  current  /»  is 
equal  to  the  beam  (primary)  current 
/» minus  the  collector  current  I,  (/»  = 
/»  —  I,).  A  negative  value  for  target 
current  /#  indicates  that  the  ratio 
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FIG.  4 — Essontial  featiuos  of  a  ttemdard  Iconoscopo  for  oloctronic  toloTision  cameras 
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cused  at  the  mosaic  to  an  area  of  ap-  bential  V.  Since  the  capacitance 
proximately  one  picture  element,  charged  per  second  by  the  spot  is 
Therefore,  at  any  one  instant  the  nNC,  the  charge  left  by  the  spot  on 
area  under  electron  bombardment  is  the  mosaic  is  nNCV  coulombs  per 
that  of  one  picture  element.  The  second,  where  n  is  the  number  of 
scanning  spot,  however,  moves  along  elements  per  frame,  N  is  frames  per 
the  mosaic  at  a  very  high  speed,  second  and  C  is  the  capacitance  of  a 
bombarding  a  point  on  the  mosaic  picture  element.  Coulombs  per  sec- 
for  only  1.28  x  10'^  sec.  for  every  ond  is  current  in  amperes ;  therefore, 
frame  of  a  441-line  picture.  the  two  currents  must  be  equal : 

If  light  falls  on  a  portion  of  the 
mosaic,  photoelectric  emission  takes 
place,  and  by  losing  some  electrons 
that  portion  of  the  mosaic  acquires  a 
positive  charge.  Suppose  a  portion 
of  the  mosaic  is  charged  to  one  volt 
positive,  and  consider  what  happens 
when  this  mosaic  is  scanned,  first  the 
part  of  it  having  no  charge,  then  the 
boundary  between  the  dark,  the  un¬ 
charged  mosaic  and  the  positively 
charged  lighted  mosaic,  and  finally 
when  the  lighted  area  is  scanned. 

The  scanning  spot  may  be  consid¬ 
ered  as  a  ^uare  brush  having  an 
area  of  one  picture  element.  The 
charges  on  the  globules  or  sub-ele¬ 
mentary  capacitances  under  the  spot 
are  instantaneously  equalized,  so  that 
one  may  talk  of  the  potential  of  the 
spot  and  the  charge  on  the  spot.  The 
charge  on  the  spot  is  affected  by  the 
charging  current,  which  is  equal  to 
the  difference  between  the  secondary 
current  and  the  primary  or  beam 
current. 

The  charging  current  characteris¬ 
tic  shown  in  Fig.  6  is  easily  derived 
by  subtracting  the  beam  current 
(unity)  from  the  secondary  emission 
characteristic.  In  the  interval  from 
0  to  2  volts  the  charging  characteris¬ 
tic  is  represented  very  closely  by  the 
straight  line:  ha  —  (»  —  0  V’)/»  = 

(3  —  lV)/»,  where  V  is  the  potential 
drawn  to  the  collector  by  applying  of  the  target  with  respect  to  the 
positive  potentials  to  the  collector  collector, 
with  respect  to  the  target.  The  sec¬ 
ond  feature,  while  interesting,  is  of 
little  importance  to  us  since  the  col¬ 
lector  is  seldom  positive  with  respect 
to  the  mosaic.  Our  interest  lies, 
therefore,  in  the  portion  of  the  curve 
to  the  right  of  the  line  of  zero  col¬ 
lector  potential. 


7 — Equiralcnt  dicuit  oi  a  dark 
moMdc  ondargolag  sconnhig 


Scanning  lin#: 


Now  letting  1/nNC  =  R,  letting 
1/0  /»  =  r  and  letting  a/0  =  E.  gives 


'  r  +  fti 

The  solution  in  Eq.  (3)  is  an  ex¬ 
act  equivalent  of  a  simple  charge  of 
capacitors  by  a  commutating  brush 
in  the  arrangement  shown  in  Fig.  7. 
The  brush,  covering  a  number  of 
capacitors  of  a  total  capacitance  C 
and  commutating.  nNC  farads  per 
second,  charges*  them  through  a  re¬ 
sistance  1/0  /»  from  a  battery  of  a/0 
volts. 


FIG.  t — Sconniag  from  a  dark  oroa  into  a 
,.  .  .1  llglilod  oroa 


Scanning  a  lonndary 

If  at  time  t  =  0  the  leading  edge 
of  a  rectangular  scanning  spot  or 
brush  reaches  the  boundary  between 
dark  and  lighted  portions  of  the 
mosaic,  a  transient  condition  will 
prevail  until  some  later  time,  when  a 
new  and  different  steady  state  will  be 
reached.  As  shown  in  Fig.  8,  before 
the  leading  edge  of  the  spot  reached 
the  lighted  portion,  the  current  to  the 
mosaic  and  voltage  to  which  its  ele¬ 
ments  are  charged  are  both  steady 
and  of  values  given.  Thus,  before 
t  =  0,  V  =  E.Rjir  +  Rt)  and  I.  = 
E.  Rj{r  +  R,)  r. 

After  <  =  0  the  charge  coming  un¬ 
der  the  spot  is  nNCEi,  coulombs  per 
second,  the  charge  left  over  on  the 
mosaic  after  scanning  is  nNCV  cou¬ 
lombs  per  second,  and  the  secondary 
emission  charging  current  is  (E,  — 
V)/r.  These  quantities  should  sat¬ 
isfy  the  following  equation  at  all 
times : 


ftion  m  Mosaic 


FIG.  t — Transient  charging  current  I  and 
mosaic  potenttol  V  during  scanning 
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Seaening  a  Dark  Area 

Now  suppose  the  spot  is  moving 
in  a  normal  scanning  manner  along 
the  uncharged  portion  of  the  mosaic. 
If  a  steady  state  has  been  reached, 
the  current  to  the  signal  plate,  the 
potential  of  the  moving  spot,  and  the 
potential  of  elements  already  scanned 
are  all  steady  and  constant.  The 
charging  current  is  therefore 

/cs  =  (a  —  $V)  h  (1) 

The  mosaic  elements  after  scan- 
is  fo-  ning  are  all  charged  to  the  same  po- 
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Equation  (4)  reduces  to  a  linear 
(Continued  on  page  327) 


equivalent  volts. 
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Pidraps  or*  attachsd  to  tho  patioiit  in  a  monnor  inTolrinq 
minfanuip  discomfort.  Tho  loft  hand  is  crttachsd  to  a  unit 
undor  ths  tabls  containing  tho  pickups  for  ortsiial  pulss. 
swsotlng  of  ths  palm  and  trsmor  of  ths  fingsrtips.  Ths 
patisnt  is  hsrs  psrforming  on  ossignsd  mschonical  tosk 


(moTing  o  mstal  sisctrods  through  groorss  of  o  star* 
shapsd  moss  os  rapidly  os  possibls  without  touching 
ths  sidss  of  ths  grooTs).  Ths  task  Is  lotsr  rspsotsd  undsr 
mors  difficult  conditions  such  os  Tlswlng  ths  mass  in  o 
mirror  whils  listsning  to  disogrssobls  sounds  in  phonos 


The  application  of  electronic 
methods  to  allied  fields  of  tech¬ 
nology  and  science  has  already  be¬ 
come  a  commonplace  fact.  Under 
the  impetus  of  global  war,  research 
in  all  fields  has  surged  forward  on 
a  broad  front.  No  more  powerful 
tool  has  arisen  to  the  hands  of 
investigators  in  the  allied  technol¬ 
ogies  than  the  application  of  elec¬ 
tronics.  And  hardly  a  more  fertile 
field  for  such  application  exists 
than  the  field  of  medicine. 

The  ensuing  discussion  will  de¬ 
scribe  qualitatively  an  example  of 
such  application.  Although  contain¬ 
ing  nothing  that  can  be  construed 
as  a  development  in  electronic  sci¬ 
ence  per  se,  the  special  configura¬ 
tion  and  application  of  known 
circuits  and  devices  will  (it  is 
hoped)  be  instrumental  in  solving 
one  of  the  important  medical  prob¬ 
lems  arising  from  the  war. 


The  apparatus  to  be  described 
was  constructed  and  is  now  being 
used  for  psychophysiological  re¬ 
search  by  the  Head  Injury  Project 
in  the  Department  of  Neurology  at 
the  College  of  Physicians  &  Sur¬ 
geons  of  Columbia  University,  New 
York  City.*  The  main  purpose  is  to 
provide  a  means  for  the  differential 
diagnosis  of  certain  types  of  head 
injury  cases  which  are  common 
among  the  casualties  of  modern 
warfare. 

Th«  Medical  Problem 

In  particular  these  are  the  cases 
of  service  men  who  have  experi¬ 
enced  concussion  without  severe 
penetrating  wounds  of  the  skull  and 
in  which  there  exists  doubt  as  to 
the  actual  presence  or  extent  of 
brain  damage.  Such  cases  may  be 
classified  roughly  into  three  groups. 
In  the  first,  called  the  organic 


group,  there  is  actual  damage  to  the 
brain  as  an  organ,  but  it  is  not 
severe  enough  to  be  clearly  recog¬ 
nizable  as  such  by  ordinary  clinical 
examination.  The  second  group  has 
no  actual  brain  damage  but,  as  a 
consequence  of  shock,  has  suffered 
a  mental  disability,  the  so-called 
“traumatic  neuroses.”  The  third  is 
a  mixed  group  in  which  there  is  in¬ 
jury  to  the  brain  as  well  as  aberra¬ 
tions  of  the  normal  mental  proc¬ 
esses. 

Among  the  most  common  symp¬ 
toms  resulting  from  such  head  in¬ 
juries  are  headaches,  dizziness, 
emotional  irritability  and  personal¬ 
ity  changes,  loss  of  memory,  and  a 


•The  work  described  in  this  paper  repre¬ 
sents  a  partial  report  on  research  done  under 
a  contract  (Head  Injury  Project  No.  OEM 
CMR148)  recommended  by  the  Committee  ob 
Medical  Research,  between  the  Office  of  Sci¬ 
entific  Research  and  Development  and  Colum¬ 
bia  University.  This  project  is  directed  bj 
Dr.  Tracy  J.  Putnam  and  Dr.  John  G.  Lynn. 
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■  Psychophysiological  research 
^■has  evolved  a  promising 
■electronic  instrument  for  in- 
Idirect  diagnosis  of  brain 
■damage  in  concussion  cascvs. 
I Tci’hnical  features  include 
liise  of  FM  carrier  amplifica- 
ilion,  differentiating  circuits 
land  trigger  circuits  that  pro- 
Ivide  constant-amplitude 
Luises  for  time-axis  record- 
B  ing  of  20  variables 


By  CHARLES  SHEER  aid 
JOHN  6.  LYNN.  M.  D. 

Department  of  Neurology, 
College  of  Physiciana  and  Surgeona 
Columbia  Vniveraity,  New  York  City 
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Fig.  1 — Block  diagram  showing  soTon  indicators  attached  to  Torious  parts  oi  tho 
potiont  and  the  successive  ompUiying.  analysing,  counting  and  recording  stages  for 

each  indicator 
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eneral  lowering  of  physical  and 
nental  efficiency.  These  symptoms 
ire  common  to  all  three  groups, 
nnking  it  almost  impossible  to  de¬ 
ermine  the  origin  of  the  disability 
A-  ordinary  medical  examination. 

The  efficacy  of  medical  treatment 
nd  rehabilitation  of  these  men, 
Awever,  depends  chiefly  on  an 
xact  knowledge  of  the  relative 

i I  eights  of  the  organic  and  mental 
ausal  factors  operating  in  each 
ase.  Hence  the  development  of  an 


accurate  and  dependable  means  for 
making  such  a  diagnosis  represents 
an  important  problem  in  war  medi- 


M«thod  of  Approach 

In  view  of  the  present  inadequacy 
of  standard  clinical  methods  and 
ordinary  diagnostic  instruments, 
such  as  x-ray,  brain-wave  records, 
etc.,  a  different  approach  to  the 
problem  was  formulated  and  a- 
dopted  for  this  study.  The  latter  in- 
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Fig.  2 — Block  diagram  of  typical  FM  car¬ 
rier  amplifier  unit  for  a  tingle  indicator 


volves  an  indirect  evaluation  of 
brain  function  by  the  measurement 
and  analysis  of  the  activity  of  cer¬ 
tain  other  parts  of  the  body  over 
which  the  brain  exerts  control.  This 
constitutes  the  fundamental  pre¬ 
cept  of  the  branch  of  science  known 
as  psychophysiology. 

The  idea  that  the  dynamical  char¬ 
acteristics  of  the  activity  of  a  par¬ 
ticular  organ,  muscle,  or  gland  is 
directly  related  to  the  condition  of 
the  nerve  center  which  controls  it 
has  gained  considerable  credence 
among  psychophysiologists  at  the 
present  time.  Hence  the  basic  con¬ 
cept  of  this  research  is  to  measure 
accurately  and  simultaneously  the 
activity  of  certain  so-called  indi¬ 
cator  organs,  chosen  specifically 
with  regard  to  their  control  centers 
in  the  central  nervous  system.  Fur¬ 
thermore,  any  abnormalities  in  the 
nervous  system  can  be  exaggerated 
by  placing  the  individual  under 
stress.  The  abnormalities  thus  ac¬ 
centuated  by  induced  stressful  situ¬ 
ations  are  reflected  in  the  corre¬ 
spondingly  amplified  changes  in  the 
activity  of  the  various  indicator 
organs  being  measured. 

If  the  measurements  are  of  a 
sufficiently  high  order  of  accuracy 
and  the  analysis  of  the  records  suf- 
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FIG.  3 — 8qiiar*>law  r*ctili«r  circuit  for  cooTorting  tho  Tolocity- 
tiuM  ■igaol  into  on  enorgy-timo  signal,  and  choroctorisUc  oporot- 
ing  cnrros.  Curros  for  soctions  A  and  B  aro  plottod  bock  to  bock 
in  order  to  show  tho  operation  of  a  stage  boring  pusk-pnll  input 


and  parallel  output  Projection  of  the  total  input  signal  on  th« 
combined  characteristic  gires  the  output  signoL  Alongside  tbs 
input  and  output  signol  curres  are  corresponding  oscUlogroou 
obtained,  showing  tho  fidelity  of  the  square-low  operation 


ficiently  fine,  it  is  expected  that 
even  slightly  abnormal  patterns  of 
response  will  be  distinguishable 
from  normal  records.  This  view¬ 
point  further  presumes  that  the  na¬ 
ture  of  the  deviations  will  correlate 
with  their  causes  and  thus  desig¬ 
nate  unequivocally  the  cause  of  the 
abnormality,  so  that  the  method 
may  be  of  practical  value  in  a 
clinical  diagnosis. 

It  seems  apparent  at  present  that 
the  success  of  this  method  devolves 
largely  upon  the  technique  of  meas¬ 
urement  and  analysis.  Instruments 
wherewith  to  perform  the  latter 
were  lacking  and  the  early  work  of 
the  Head  Injury  Project  clearly  in¬ 
dicates  the  inadefiuacy  of  the  exist¬ 
ing  methods.  The  manifest  needs  for 
newer  and  more  accurate  instru¬ 
ments  led  to  the  decision  which  cul¬ 


minated  in  the  construction  of  the 
apparatus  to  be  described  below. 

Tb*  Tachaicol  Preblom 

The  problems  facing  the  engineer 
engaged  in  such  work  are,  on  the 
whole,  somewhat  different  from  the 
aveittge  development  work  in  com¬ 
munications.  One  is  soon  impressed 
with  the  fact  that  a  precise  analysis 
is  to  be  attempted  of  perhaps  the 
most  complex  mechanism  in  exist¬ 
ence,  of  which  an  almost  random 
variability  is  a  chief  characteristic. 

A  further  complication  lies  in  the 
fact  that  no  one,  as  yet,  has  clearfy 
demonstrated  exactly  what  must  be* 
measured  in  order  to  obtain  the  de¬ 
sired  “index*'  of  nerve  center  con¬ 
trol.  For  example,  the  “indicators” 
measured  in  this  study  are  respira¬ 
tion,  heart  action,  eye  movements. 


contractions  of  the  facial  muscles, 
sweating  of  the  palm,  finger-tip 
tremor,  and  speech.  Nearly  all  of 
these  involve  movement  of  one  form 
or  another.  Previous  investigators 
have  recorded  this  motion  as  the 
instantaneous  displacements  of  the 
various  indicator  organs  during  ac¬ 
tivity.  However,  the  amplitude-time 
functions  were  found  to  be  at  best 
only  vaguely  correlative  with  nerve 
center  control.  The  weight  of  ex¬ 
perimental  evidence  emphasizes  the 
fact  that  this  is  not  the  most  desir¬ 
able  criterion  for  the  measurements 

Ckeic*  of  Modtoromoots 

Any  study  of  this  kind  which 
makes  even  a  pretense  of  being  quan¬ 
titative  must  establish  a  logical  work¬ 
ing  criterion  of  exactly  what  must 
be  measured.  It  is  commonly  accepted 
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Top  and  bottom  riows  of  a  chasaia  containing  two  unita  oach  oi  aquare-law  lectiiiera.  Each  unit  con- 
taina  a  aoloction  oi  iiltor  capacitora  ior  Cj  oi  Fig.  6  and  ioui  oi  Iho  diiiontiator  circuita  oi  Fig.  4 
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Top  and  bottom  viowa  oi  tho  chaaaia  containing  ten  oi  the  counter  circuita  oi  Fig.  S.  With  60  tubea  on  a  aingle  choaaia 
(10-35L6.  20-VR-105.  20-12SI7  and  10-12SC7).  a  top  deck  (at  leit  in  each  riew)  had  to  be  prorided  ior  aome  oi  the  porta 

i  ' 

that  the  degree  of  control  that  the  we  are  forced  to  use  a  trial-and-error  lated  simply  enough  for  this  prob- 
nerve  centers  have  on  a  given  organ  procedure,  measuring  the  response  in  lem.  However,  out  of  the  agglomera- 
may  La  related  directly  to  the  aver-  terms  of  external  activity  and  evalu-  tion  of  reported  facts,  there  appears 
age  i:ate  at  which  nerve  impulses  are  ating  the  results  in  terms  of  hov  an  orientation  which  seems  somewhat 
dispatched  to  and  received  by  the  clear-cut  a  manner  the  measurements  more  likely  to  be  a  better  criterion 
organ.  There  is  no  way  this  can  be  thus  obtained  serve  to  distinguish  than  any  heretofore  considered.  This 
measured  at  present  in  a  clinically  between  carefully  selected  and  is  the  amount  of  work  done  or  me- 
applicable  manner.  But  we  may  seek  matched  groups  of  pure  brain  dam-  chanical  energy  output  during  activ- 
some  aspect  of  the  activity  of  the  or-  aged,  pure  neurotically  maladjusted,,  ity.  It  does  not  necessarily  purport 
gan  in  response  to  the  controlling  im-  and  normal  control  subjects.  to  describe  the  total  energy  transi- 

pulses  which  relates  in  the  simplest  A  survey  of  previous  work  yields  tions  involved  in  the  functioning  of 
possible  manner  to  the  rate  at  which  scant  information  that  is  helpful  in  any  organ  or  muscle, 
they  are  received.  This,  if  known,  indicating  a  definite  choice.  One  can  The  total  energy-time  function 
would  constitute  the  most  logical  cri-  deduce,  for  example,  that  the  ampli-  would  not  be  a  practical  criterion 
terion  on  the  basis  of  which  the  tude-time  functions  of  movement,  or  because  it  is  almost  impossible  to 
measurements  would  be  made.  the  bioelectric  potentials  which  ac-  measure.  But  some  evidence  exists 

In  view  of  the  impossibility  of  company  the  acivity,  although  related  that  the  mechanical  aspect  of  the 
measuring  nerve  impulses  directly,  to  nerve  center  control,  are  not  re-  energy  involved  in  ‘activity  is  the 


quantity  most  simply  related  to  the  requirements  of  the  apparatus  plifying  stages,  such  as  the  Miller 
changes  in  the  central  system.  Fur-  itself.  cathode  control  amplifier.*  The  appli- 

thermore,  the  mechanical  aspects  are  cation  of  these  circuits  to  this  work 

relatively  easy  to  measure.  The  heart  CerrUr  Systcn  proved  eminently  successful, 

and  lungs,  for  example,  may  be  The  instrumentation  designed  for 

treated  as  pumping  engines,  finger-  use  in  this  study  is  subject  to  many  Overeomlng  Thermal  Drifts 

tip  tremor  may  be  treated  as  a  vi-  restrictions  of  both  a  technical  and  The  necessity  for  quantitative 
brating  rod,  while  the  rate  at  which  practical  nature.  The  variations  (ex-  measurements  imposes  severe  restric- 
fluid  is  produced  may  be  taken  as  a  cept  in  speech)  occur  at  sub-audio  tions  on  the  quality  and  construction 
measure  of  the  mechanical  work  in  frequencies  ranging  from  about  20  of  the  component  parts.  In  d-c  cir- 
sweat  secretion,  and  so  forth.  cps  down  to  0.05  cps,  with  the  major-  cuits  sensitive  to  changes  of  a  few 

This  orientation  is,  of  course,  nec-  ity  occurring  in  the  neighborhood  of  millivolts,  thermal  drifts  of  circuit 
essariiy  over-simplified,  but  accurate  1  cps.  Amplifiers  involving  conduc-  parameters  are  a  serious  problem, 
measurements  are  meaningless  on  tive  coupling  to  accommodate  such  It  was  found  necessary  to  dispense 


Fig.  4 

and 

qu*n( 


‘  K-  1  stc  — 

H- 


Examples  oi  representatiye  types  of  signal  inputs.  A — Muscle 
contraction  record:  B — Record  oi  fingertip  moeements  under 
normal  or  calm  state;  C — Fingertip  morements  under  agitation  or 
excitement;  D.  E  and  F — Various  types  oi  eye  moeement  records 
(blinking,  rolling  and  lateral  moxement  respectiYely);  G — Normal 
breathing  record;  H — Deep  breothing  record 


Front  and  rear  riews  of  the  analyser  rack.  Each  chosiUs  has  a 
rear  panel  with  Jacks  and  patch  cords  to  provide  a  maximum 
of  flexibility  in  intercoimection  oi  the  Torious  units.  Protruding 
boxes  on  the  sides  contain  air-circulating  ions.  This  and  two  other 
racks  of  similar  sise  coiutitute  the  bulk  oi  the  equipment 


Fig. 

vacu 


any  other  basis.  We  may  therefore  signals  are  troublesome,  especially  with  all  carbon  resistors  and  potenti- 
state  as  a  working  hypothesis  that  where  high-gain  circuits  are  re-  ometers,  as  well  as  all  electrolytic 
the  instantaneous  kinetic  energy  (or  quired.  For  this  reason  the  carrier  capacitors.  The  potentiometers  used 
some  similar  quantity  from  which  system  was  adopted  for  the  major  were  of  the  General  Radio  wire- 
the  mechanical  energy  may  be  de-  part  of  the  amplification.  The  tech-  wound  type.  Nearly  all  the  resistors 
rived)  is  to  be  measured  as  the  nique-of  handling  the  signal  after  were  IRC  precision  units  (because  of 
criterion  of  psychophysiological  ac-  demodulation  involves  the  use  of  ex-  their  very  low  temperature  coeffi- 
tivity.  Recognizing  that  this  orienta-  ceptionally  well  regulated  power  sup-  cient) .  The  capacitors  were  GE  py- 
tion  is  based  on  presumption,  and  in  plies,  of  constant-voltage  gas  tubes  as  ranols  for  the  large  values,  and  Cor- 
the  hope  of  proving  its  validity,  we  “d-c  capacitors"  for  both  coupling  nell-Dubilier  low-loss  micas  for  the 
may  proceed  to  the  consideration  of  and  by-passing,  and  of  stabilized  am-  small  values.  The  excellent  construe* 
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Fig.  5  (ort  right) — Counting  circuit,  consist¬ 
ing  oisontiolly  ol  a  Tcwuum-tubo  bridge 
lA.  B,  C  and  D)  In  which  th#  Input  signal 
cousos  on  unbalance  which  charges  the 
4-mI  copadtor  C,  through  constant-current 
tube  12817(2).  When  a  critical  Toltage  is 
reached,  the  Eccles-Jordon  trigger  circuit 
(in  shaded  area)  is  tripped,  causing  sec¬ 
tion  A  ol  the  12SC7  to  pass  current  operat¬ 
ing  the  micro-relay  which  in  turn  dis¬ 
charges  Cl,  reineerts  the  trigger  circuit 
and  actlTOtes  the  35L6G  driver  tube 
momentarily.  This  tube  drives  the  writing 
pen  whose  field  coil  is  connected  between 
Z  and  r 


Fig.  4  (below) — Differentiating  circuit  (8-0 
and  ompUfier  circuit  for  very  low-fre¬ 
quency  signals  to  compensate  for  the 
insertion  loss  of  the  8-C  circuit 


tion  of  Western  Electric  jacks,  plugs  movements  and  movements  of  the 
and  switches  was  made  use  of  in  facial  muscles) ;  and  one  is  an  ordi- 
eliminating  contact  troubles.  For  nary  microphone  (speech).  For  the 
the  many  other  component  parts  em-  latter  the  acoustic  energy  of  the  voice 
ployed,  a  careful  selection  was  made  output  is  taken  as  a  measure  of  the 
in  each  case,  based  on  an  investiga-  mechanical  energy  output  of  the 
tion  of  performance  characteristics,  vocal  cords.  Therefore,  a  microphone 

i  and  standard  audio  amplifier  provide 

Types  of  Pickups  Us»d  necessary  equipment  for  the 

A  block  diagram  indicating  the  speech  channel.  (The  value  of  the 
multiplicity  of  the  channels  and  the  voice  mechanism  as  an  indicator  is 
successive  treatment  of  the  signal  still  obscure  and  its  usefulness  in 
from  the  pickup  on  the  patient  to  the  this  respect  is  under  investigation.) 
final  record  on  the  paper  tape  is 
shown  in  Fig.  1.  Three  of  the  pickups 
are  electro-mechanical  transducers 
involving  linear  variations  in  capaci¬ 
tance  proportional  to  the  amplitude 
of  movement  (respiration,  finger-tip 
tremor,  and  pulse  movement) ;  one  is 
a  fixed  capacitance  (.sweating) ;  two 
are  direct  electrical  contacts  (eye 


«- 


Eye-Movement  Pickup 

The  measurement  of  the  move¬ 
ments  of  the  eyeballs  and  facial 
muscles  is  subject  to  the  restriction 
that  the  pickups  must  be  small  and 
provide  no  discomfort  to  the  patient. 
In  the  past  the  amount  of  miuscular 
{Continifrd  on  jnige  338) 
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Fig.  S  (above)—  Simplified  diagram  of 
vacuum-tube  bridge  in  counter  circuit  of 
Fig.  5 


Fig.  7  (at  right) — Example!  of  pulse  pat¬ 
terns  obtained  in  time-axis  recording.  A 
ond  8  represent  a  normol  breathing  ampli¬ 
tude  record  with  its  corresponding  time- 
axis  record.  C  is  an  artificial  amplitude 
signal,  and  D,  E  and  F  ore  respectively 
its  time-axis  record,  the  first  time  deriva¬ 
tive  and  the  second  time  derivotive 
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Alnieo  pennan*nt  magnst  with  oir  gap. 
Its  cross-sectional  area  and  total  length 
for  a  particular  purpose  can  be  esti¬ 
mated  quite  accurately  by  following 
the  instructions  in  this  article  i 


DESIGNING 


Having  covered  fundamental  design  equations  of  permanent  magnets  in  a  previous  article,* 
the  author  here  considers  motor,  generator,  magneto  and  similar  applications  where  demag¬ 
netizing  influences  exist  and  provide  stabilization  of  flux  density  in  air  gaps 


IN  a  previous  article  fundamental 
concepts  and  units  of  permanent 
magnet  theory  were  defined,  funda¬ 
mental  design  equations  were  devel¬ 
oped,  and  a  method  for  the  determi¬ 
nation  of  the  leakage  constants  was 
discussed.  Finally,  using  the  meth¬ 
ods  developed,  certain  elementary 
problems  were  set  up  and  solved  in 
which  the  only  demagnetizing  in¬ 
fluence  exerted  on  the  magnet  was 
that  of  the  working  air  gap  itself. 
The  problems  neglected  the  stabiliza¬ 
tion  of  the  magnets  as  a  protection 
of  their  calibrations  from  stray 
fields,  load  fields,  shock  and  other 
demagnetizing  influences. 

It  is  proposed  in  this  present  arti¬ 
cle  to  further  develop  the  theory  of 
permanent  magnet  design,  including 
the  cases  omitted  or  excepted  in  the 
first  article.  This  involves  first,  how¬ 
ever,  the  necessity  of  becoming  fa¬ 
miliar  with  minor  hysteresis  loops  in 
general,  and  with  the  phenomenon  of 
stabilization  in  particular.  A  con- 
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sideration  of  the  problems  involved 
in  the  design  of  permanent  magnets 
for  motors,  generators,  magnetos, 
and  other  devices,  the  operation  of 
which  impose  demagnetizing  influ¬ 
ences  (in  addition  to  the  influence  of 
the  gap)  upon  the  magnet,  will  then 
logically  follow. 


Minor  Hysteretis  Loop 

Suppose  that  the  magnet  of  Fig. 
1  (a)  has  just  been  magnetized, 
fully  saturated,  and  then  removed 
from  the  influence  of  the  magnetiz¬ 
ing  field.  This  procedure  is  per¬ 
formed  with  a  soft  iron  keeper  in 
the  gap  of  the  magnet,  and  the  flux 


*  Underbill,  Earl  M..  I’ermnnent  Magnet 
Deaign,  Elbctbonics,  p.  12C,  Dec.  1943. 


density  in  the  magnet  is  now  at  the 
point  Br  of  Fig.  1  (b).  When  the 
keeper  is  removed,  the  magnet  oper¬ 
ating  point  will  move  down  the  curve 
to  the  point  x  in  accordance  with  the 
laws  developed  in  the  previous  ar¬ 
ticle. 

Now,  what  happens  if  the  keeper 
is  put  back  into  the  gap?  The  oper¬ 
ating  point  does  not  move  back  up  to 
the  B,  point  as  might  be  expected, 
but  starts  off  on  a  new  curve  as  indi¬ 
cated  by  the  arrows  of  Fig.  1  (b), 
and  arrives  at  the  point  y.  Thus,  in 
the  single  removal  and  replacement 
of  the  keeper,  the  magnet  has  suf¬ 
fered  in  flux  density  the  difference 
between  B,  and  y.  When  the  keeper 
is  again  removed,  the  operating  point 
travels  back  to  x  over  the  upper 
curve  as  indicated.  The  loop  thus 
formed  by  the  two  curves  between  x 
and  y  is  known  as  a  minor  hystere.sis 
loop. 

In  handling  minor  hysteresis  loops, 
two  approximations  are  usually 
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made,  both  of  second  order  effect. 

it  is  assumed,  as  stated  al^ye^ 
hat  -the  loop  closes  itself  at  the 
points  X  and  y.  This  is  not  strictly 
the  case.  The  operatingr  point,  on  its 
return  trip  from  y  towards  x,  actually 
crosses  its  outbound  path  (near  x) 

L  ’  and  intersects  the  major  hysteresis 
•f  loop  slightly  below  x. 

Theoretically,  also,  this  same  phe¬ 
nomenon  happens  to  a  smaller  and 
smaller  extent  each  time  the  keeper 
is  replaced  and  removed.  Actually, 
however,  the  difference  becomes  al- 

11  most  entirely  unmeasurable  after 
about  two  or  three  cycles.  For  the 
I  purposes  in  mind  in  this  article  we 
>  can  forget  this  and  assume,  as  above, 
that  the  loop  closes  itself  at  the 
points  X  and  y. 


which  acts  as  the  path  of  the  magnet 
operating  point  in  both  directions. 

E#«et  of  Demagaetisiag  Field 

Let  us  now  take  our  two  design 
equations  and  write  them  in  the 
form: 

(1) 

B.-JjB.  (2) 

If  these  two  equations  are  plotted 
against  coordinates  B,  and  as  in 
Fig.  2,  Eq.  (1)  will  be  identical  in 
shape  to  the  demagnetization  curve 
(B«  vs.  Hm)  but  multiplied  by  the 
constant  factor  Am/FA„  and  Eq.  (2) 
will  be  a  straight  line  passing  through 
the  origin  and  of  slope  Im/flr-  Obvi¬ 
ously,  the  intersection  of  these  two 


netizing  field  may  be  >n  a-c  field,  a. 
d-c  field  in  opposj^n^  the  magnet¬ 
ization  of  the  magnet,  heat,  etc.) 
When  the  additional  demagnetizing 
field  is  removed,  the  operating  point 
will  run  up  the  minor  hysteresis 
loop  X  y  until  it  reaches  the  point  z, 
the  intersection  of  xy  with  the 
straight  line  of  Eq.  (2) . 

This  process  has  resulted  in  the 
loss  of  fiux  density  in  the  air  gap  of 
amount  but  it  has  given  us 

a  stable  magnet.  To  show  this,  let  us 
imagine  that  ‘  the  magnet  we  have 
just  stabilized  is  put  into  service  and 
that  in  the  field  it  encounters  a  de¬ 
magnetizing  field  of  strength  AH,. 
The  operating  point  will  run  do\ra 
the  minor  hysteresis  loop  xy  till  it 
reaches  the  point  p.  Here  a  state  of 


Magnets 


f 


FIG.  1 — Basic  magnst  shops  considersd  in  this  articls,  and 
dsmagnsllsatlon  cunrs  showing  minor  hystsrssis  loop  betwssn 
X  ond  r 


FIG.  2 — ^Plot  of  Eg.  (1)  and  (2).  with  minor  hystsrssis  loops 
rsprsssntsd  by  straight  linss  x-y  and  m-n.  This  typs  of  graph 
psrmUs  dstsrmining  stabilising  offset  of  a  dsmognstising  Hold 


The  second  approximation  made 
relative  to  this  tsrpe  of  minor  hys¬ 
teresis  loop  is  that  it  is  not  a  loop  at 
all,  but  rather  a  straight  line.  This 
approximation  is  permissible  be¬ 
cause  of  the  extreme  narrowness  of 
the  loop,  and  inaccuracies  thus  in¬ 
troduced  into  our  calculations  are 
negligible.  Henceforth,  therefore, 
we  shall  think  of  and  handle  the 
minor  hysteresis  loop  as  a  single 
straight  line  (between  the  points  x 
and  y  of  Fig.  1  (b),  for  instance) 


curves  at  the  point  w  is  the  graphical 
solution  for  B,  of  the  two  simulta¬ 
neous  equations.  This,  of  course,  is 
the  flux  density  in  the  gap  (of  size 
l„  Ai)  of  a  magnet  (of  size  i„,  A„) 
having  leakage  constants  f  and  F 
and  having  been  completely  saturated 
and  its  keeper  withdrawn. 

Let  us  now  deliberately  apply  an 
additional  demagnetizing  influence  to 
the  magnet  in  question,  forcing  the 
operating  point  down  the  curve  to 
the  point  x.  (This  additional  demag- 


balance  is  again  reached,  and  as  long 
as  AH,  persists  the  magnet  will  sup¬ 
ply  a  flux  density  of  to  the  air 
gap.  Of  course,  as  soon  as  AH,  is  re¬ 
moved,  the  operating  point  returns  to 
z  and  the  flux  density  in  the  gap 
again  becomes  B^ 

Now,  let  us  suppose  that  we  had 
not  stabilized  the  magnet  before  put¬ 
ting  it  into  operation  and  that  the 
magnet  was  again  subjected  to  the 
demagnetizing  field  AH,.  The  oper¬ 
ating  point  would  move  down  the 
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major  hysteresis  loop  from  w  to  m,  signer  must  take  into  consideration  first  job  is  that  of  writing  an  equa- 
wl(ere  it  would  remain  for  the  dura-  the  maximum  adverse  field  his  mag-  tion  for  the  demagnetization  curve, 
tioni  of  the  demagnetizing  influence,  net  has  to  stand  before  specifying  This  may  be  done  in  many  ways  but 
The  flux  density  in  the  gap  would  the  amount  of  stabilization  it  is  to  perhaps  the  two  most  useful  methods 
change  from  to  B^,  a  far  greater  receive.  of  expressing  B  as  a  function  of  R 

change  than  B^— B^  Furthermore,  u  *i  either  by  a  power  series  or  an 

when  ABj  is  removed,  the  operating  •■laqaetlipHoe  CMrvtt  equation  of  a  parabola.*  (It  must  be 

point  will  not  return  to  its  original  Having  thus  familiarized  ourselves  borne  in  mind  that  although  the 
position,  but  will  move  up  the  minor  with  minor  hysteresis  loops  and  hav-  demagnetization  curve  is  in  the  sec- 
hysteresis  loop  mn  to  the  point  n,  its  ing  reviewed  briefly  the  phenomenon  ond  quadrant  of  the  major  hysteresis 
intersection  with  tlie  straight  line  of  stabilization,  let  us  pass  on  to  loop,  we  will  refer  to  B  as  positive, 
of  Eq.  (2).  Thus,  the  unstabilized  design  considerations  for  a  motor  or  not  negative.)  At  the  moment  we  are 
magnet  not  only  suffered  more  dur-  magneto  magnet.  interested  in  the  parabolic  relation 

ing  the  application  of  ABi,  but,  upon  Q  Since  the  demagnetization  curve  between  B  and  B.  Within  very  close 
its  removal,  presented  the  air  gap  is  an  important  factor  in  these  con-  limits  the  following  equation  may  be 
with  a  permanent  change,  B^  —  B^,  siderations  and  since  it  is  desirable  made  to  approximate  the  demagneti- 
in  flux  density.  -  many  cases  to  do  our  work  analy-  zation  curve  of  any  properly  heat- 

It  is  evident,  then,  that  any  appara-  tically  rather than  graphically,  the  treated  alloy: 


where:  B  =•  depeadent  variable 
H  independent  variable 

Br  residual  flux  density  (gauss) 

H,  =■  coercive  force  (oersteds) 
a  —  a  constant  for  (he  particuUr 
curve  under  consideration. 

This  equation  may  also  be  written : 


Graph  showing 
open  -  circuit  cona¬ 
tion  ior  tamo  prob¬ 
lem  as  in  Fiq.  2 


where 


In  this  9  may  al.so  be  expressed  a.s 


Now,  multiplying  Eq.  (4)  and  (5) 
together,  differentiating  with  re- 
.spect  to  0,  and  setting  d  (3(9)/dfl  = 
0,  we  get 


Final  graph,  from 
which  the  operat¬ 
ing  point  con  be 
determined 


*  The  fact  that  the  demagnetisation  eurvp 
may  be  very  closely  approximated  by  a  pnrab 
ola  was  pointed  out  by  Watson. 


tus  requiring  a  gap  flux  of  constant 
calibration  must  employ  a  stabilized 
magnet.  Of  course,  there  are  limits 
to  the  demagnetizing  field  which  any 
stabilized  magnet  can  stand  and  the 
limit  in  the  case  under  discussion  is 
shown  by  AB,.  If  the  demagnet¬ 
izing  field  exceeds  this  limit,  the  oper¬ 
ating  point  will  drop  further  down 
the  major  hysteresis  loop  and,  upon 
removal  of  the  demagnetizing  field, 
come  back  up  on  a  different  minor 
hysteresis  loop. 

The  more  a  magnet  is  demagnet¬ 
ized  from  the  point  w  (Fig.  2),  the 
more  stable  it  becomes.  The  de- 
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Differentiating  Eq.  (4)  with  respect 
to  B  and  substituting  Eq.  (6)  into 
the  result,  we  get 

This  establishes  a  very- important 
point,  that  fi/fi,  =  H/H,  at  the  point 
of  maximum  energy  product,  B,H,. 

The  form  of  Eq.  (3)  shows  that 
only  three  points  are  necessary  to 
establish  fully  the  complete  demag¬ 
netization  curve.  These  points  may 
be  any  three  points  along  the  course 
of  the  curve,  but  upon  occasion  it 
may  be  desirable  to  specify  a  curve 
by  the  three  cardinal  points,  Br,  H„ 
and  the  point  of  BM-  Br  and  H.  fit 
directly  into  Eq.  (3),  and  the  point 
of  B,H,  is  introduced  through  the 
constant,  o.  Transposing  Eq.  (4)  : 


a 


/9  +  g-  1 
139 


^  (8) 


At  the  point  of  B,H,t  B  —  B.  Hence, 
combining  Eq.  (7)  with  Eq.  (8),  we 
have 


2fi-\  2S  -  1 
“  “  1P9  “  09 

Multiplying  these  two  equations  to¬ 
gether  and  taking  the  square  root  of 
the  result:  -- 

2^}Je  -  1  _2_  1  ] 

“  ”  09  ”  09  Vl-  - 


And  thus  we  obtain  a  value  for  a,  in 
terms  of  B.H,: 


a 


Br  H. 

B.H, 


7 


(9) 


SfabiliiatioH  of  Magnets 


Before  going  deeper  into  the  analy¬ 
tical  work  involved  in  the  design  of 
a  magneto  magnet,  let  us  pause  mo¬ 
mentarily  to  get  a  glimpse  of  the 
path  to  be  followed. 

As  stated  earlier,  the  primary  dif¬ 
ference  (from  a  design  standpoint) 
between  a  magneto  magnet  and,  let 
us  .say,  a  loudspeaker  magnet  is  the 
fact  that  the  former  is  subject  to 
heavy  demagnetizing  infiuences  over 
and  beyond  the  demagnetizing  infiu- 
ence  of  the  air  gap  itself.  The  mag¬ 
neto  manufacturer  long  ago  discov¬ 
ered  that  if  he  assembled  his  instru¬ 
ment  completely  and  then  magnet¬ 
ized  the  magnet  (which  would  be 
the  proper  procedure  in  the  case  of 
the  loudspeaker),  the  instrument 
when  placed  upon  test  would  deliver 
an  output  that  would  be  high  initially 
hut  would  fall  off  rapidly  at  first  and 
then  asjrmptotically  approach  .some 


ExamplM  of  Alnico  permonont  magnots  to  which  dosign  data  in  thU  article  applies 


much  lower  value.  This  phenomenon 
is  due,  of  course,  to  the  demagnetiz¬ 
ing  effect  of  the  current  in  the  coils 
of  the  magneto,  and  the  only  possible 
practical  remedy  is  the  use  of  a 
stabilized  magnet  right  from  the 
beginning. 

The  next  question,  then,  is:  How 
much  shall  the  magnet  be  stabilized 
in  order  that  the  magneto’s  initial 
output  shall  remain  constant  with 
time?  This  question,  of  course,  is  re¬ 
lated  to  the  magnitude  of  the  demag¬ 
netizing  forces  present  in  the  oper¬ 
ation  of  the  machine.  These  forces 
may  be  computed,  if  necessary,  on 
the  basis  of  the  machine’s  maximum 
load  or  even  on  the  basis  of  short- 
circuit  (if  a  generator  or  magneto) 
or  stalled  (if  a  motor)  conditions. 
Most  manufacturers,  however,  have 
found  this  computation  to  be  un¬ 
necessary.  They  have  learned  from 
experience  that,  in  general,  a  ma¬ 
chine  magnet  is  sufficiently  stabi¬ 
lized  if  it  is  fully  magnetized  prior 
to  insetting  it  in  its  magnetic  circuit. 
This  is  true  whether  the  magnet  be 
part  of  the  stator  or  the  rotor. 

To  better  picture  exactly  what 
happens  in  this  process,  let  us  take  a 
look  at  Fig.  3.  This  is  similar  to 
Fig.  2  except  that  we  now  have 
plotted  against  B„  instead  of  against 
Bf  as  previously.  This  means  that 
the  slope  of  the  straight  line  of  Eq. 
(2)  is  multiplied  by  the  factor 
FA,/ An,,  and  the  equation  of  this  line 
becomes 


Bn, 


IA„l, 


(10) 


Now,  when  our  magnet  is  magnet¬ 
ized  to  (or  beyond)  its  saturation 
point,  the  operating  point  runs  up 


the  normal  magnetization  curve  (not 
shown  on  Fig.  3)  to  some  point  high 
up  on  the  major  hysteresis  loop  and 
remains  there  until  the  current  in 
the  magnetizer  is  turned  off,  at  which 
time  it  drops  to  the  point  B,  of  Fig. 
3.  When  the  magnet  is' removed  from 
the  magnetizer  it  is  “open-cir¬ 
cuited”,  i.e.,  operating  in  no  magnetic 
circuit  other  than  that  formed  of  it¬ 
self  and  a  return  path  of  unit  per¬ 
meability,  and  this  condition  is  in¬ 
variably  one  in  which  the  pole  faces 
of  the  magnet  exert  a  self-imposed 
and  very  severe  demagnetizing  influ¬ 
ence. 

Of  course,  the  severity  of  this  de¬ 
magnetizing  force  is  a  function  of 
the  dimensions  and  shape  of  the  mag¬ 
net,  being  much  greater  for  short, 
fat  straight  rods  than  for  long,  thin 
horseshoes,  for  instance.  But  for 
practical  magneto  and  motor  mag¬ 
nets  made  of  a  practical  alloy  (such 
as  one  of  the  Alnicos)  the  demagnet¬ 
izing  influence  of  the  open-circuit 
condition  is  large,  and  the  operating 
point  of  Fig.  3  will  run  down  the  de¬ 
magnetization  curve  from  B,  to  some 
point  (B„  H,). 

If,  now,  the  magnet  (regardless  of 
whether  it  be  part  of  the  rotor  or 
stator)  be  encased  in  its  housing, 
and  the  magnetic  circuit  completed, 
(working  air  gaps  in  such  machines 
run  of  the  order  of  0.010"  in  total 
length)  the  severe  demagnetizing 
influence  of  the  open-circuit  condi¬ 
tion  will  have  been  removed,  and  the 
»nly  demagnetizing  influence  then  ex¬ 
erted  on  the  magnet  (until  the  ma¬ 
chine  starts  operating)  is  that  of  the 
working  air  gap  itself. 

{Continued  on  page  310) 
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QUARTZ  CRYSTAL 


FINISHING 


By  L.  A.  ELBL 


Crvutal  }’ro<tuct»  Company 
Kanmn.City,  Mo. 


Initial  and  intermediate  stages  in  crystal  production  are  generally  accomplished  by  machines, 
but  final  adjustments  for  frequency  and  activity  still  involve  much  hand  work.  Some  of  the 
problems  encountered  are  discussed,  and  mechanical  and  chemical  methods  of  minimizing 

the  use  of  highly  skilled  labor  are  described 


to  check  final  frequencies  and  other 
factors  does  not  readily  lend  itself  to 
full  automatic  control. 


FIG.  1 — IndiTiduod  finishing  position  and  operator.  Test  gear  may  be  seen  in  the 
background,  with  a  heary.  circular  metal  block  and  light  copper  plate  constituting 
electrodes  projecting  irom  it  ior  rapid  and  conyenient  frequency  and  actiTity  checks. 
The  girl  is  lapping  a  crystal  on  o  flat  glass  plate  smeared  with  abrosiye 


OUARTZ  CRYSTAL  PRODUC¬ 
TION,  in  its  initial  and  inter¬ 
mediate  stages,  is  generally  accom¬ 
plished  by  automatic  or  semi-auto¬ 
matic  machines.  Final  finishing  is 
still  largely  a  hand  operation. 

While  several  methods  of  speeding 
up  the  finishing  operation  have  been 


Preeedere  and  Eqaipmeaf 


devised  in  recent  years  and  are 
briefly  described  here,  highly-skilled 
operators  continue  to  play  an  im¬ 
portant  part  in  most  plants  because 
physical  dimensions  of  the  order  of 
sub-millionths  of  an  inch  are  in¬ 
volved.  Furthermore,  the  extremely 
sensitive  electronic  apparatus  used 


While  there  are  many  hand  finish¬ 
ing  procedures  in  use  in  different 
plants,  common  practice  is  as  follows : 
The  finisher  is  furnished  with  a  work 
position  as  shown  in  Fig.  1.  A  por¬ 
tion  of  a  finishing  department  is  pic¬ 
tured  in  Fig.  2.  Necessary  gear  in¬ 
cludes  frequency-checking  equipment, 
a  flat  glass  plate,  fine  abrasive  (No. 
125  optical  powder  or  its  equivalent), 
water,  bowls,  brush,  cleaning  solu¬ 
tions,  several  lint-free  towels,  a 
micrometer,  an  optical  flat,  and  a 
small  square. 

The  test  equipment  in  use  in  dif¬ 
ferent  plants  varies  in  detail.  Usually, 
however,  it  consists  of  two  compari¬ 
son  oscillators  built  to  the  same  de¬ 
sign.  A  standard  crystal  of  the  de¬ 
sired  frequency  is  placed  in  one  oscil¬ 
lator  and  this  frequency  is  matched 
by  that  of  the  crystal  under  test  and 
installed  in  the  second  oscillator.  The 
crystal  under  test  is  repeatedly 
lapped  until  its  frequency  zero-beats 
with  that  of  the  standard. 

For  matching  crystals  whose  fre¬ 
quencies  differ  appreciably  a  cali¬ 
brated  variable  oscillator  is  some¬ 
times  used  until  the  crystal  under 
test  is  within  16,000  cps  of  the  stand¬ 
ard  crystal.  When  the  crystals  are 
within  16,000  cps  of  each  other  an 
audible  beat  note  is  produced.  This 
beat  note  can  be  detected  in  phones. 
The  note  can  then  be  measured  by 
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I  aviatching  it  with  a  calibrated  audio 
i  u  cillator.  Another  way  is  to  apply 
^  Ihe  beat-note  audio-frequency  volt- 
i  Sige  to  a  visual  audio-frequency  meter 
f  hich  the  operator  can  read  di- 
ctly.  Such  an  arrangement  is  called 
i  deviation  meter  or  cycle  counter. 
The  activity  or  oscillating  strength 
liof  a  crystal  is  usually  measured  by 
'reading  the  rectified  grid  current  on 
a  milliameter  placed  in  the  grid  cir¬ 
cuit  of  the  oscillator  in  which  the 
crystal  under  test  is  placed. 

The  finisher  receives  the  crystals 
as  they  come  off  the  mechanical  lap¬ 
ping  machines.  Such  crystals  have 
been  pre-dimensioned  to  proper 
length  and  width  and  have  usually 
been  brought  to  within  ten  kc  of  the 
desired  frequency.  A  mixture  of 
abrasive  and  water  about  the  consis¬ 
tency  of  syrup  is  prepared  on  the 
glass  plate.  The  finisher  then  takes 


a  crystal  and  removes  all  chips  and 
cracks  from  the  edges  l)y  stropping 
successive  edges  on  the  plate.  This 
procedure  is  called  beveling  or  edge¬ 
rolling.  It  is  continued  until  the 
activity  of  the  crystal  has  been 
brought  to  a  maximum  and  all  visible 
imperfections  have  disappeared  from 
the  edges. 

A  preliminary  frequency  check  is 
made  by  comparing  the  frequency  of 
the  crystal  with  that  of  a  standard 
crystal  whose  frequency  previously 
has  been  accurately  determined.  The 
finisher  is  now  ready  to  reduce  the 
crystal  to  the  proper  thickness,  which 
is  accomplished  by  grinding  with  a 
rotary  or  figure-eight  motion  on  the 
flat  plate,  keeping  faces  as  flat  and 
parallel  as  possible. 

At  frequent  intervals  the  crystal 
is  checked  for  activity  and  frequency. 
This  is  done  by  thoroughly  cleansing 


FIG.  2 — portion  of  the  crystal-finishing 
department  in  the  author's  plant 


and  drying  the  crystal  and  placing 
it  between  a  heavy  metal  block  (a 
typical  circular  block  may  be  seen 
projecting  from  the  lower  right  side 
of  the  test  oscillator  in  Fig.  1)  and 
a  small  copper  top  electrode.  The 
activity  is  checked,  and  then  the  fre¬ 
quency.  The  activity  must  remain  at 
a  certain  minimum  while  the  fre¬ 
quency  is  brought  within  the  desired 
limits.  If  activity  is  lost,  additional 
beveling  is  required. 

When  both  activity  and  frequency 
are  within  required  limits  the  crys¬ 
tal  is  ready  to  mount.  Usually  around 
1200  to  1500  cps  are  allowed  for  a 
normal  change  in  frequency  in  the 
holder.  The  procedure  of  placing  the 
crystal  between  electrodes  in  a  holder 
is  called  “mounting.”  *  Final  activity 
and  frequency  adjustments  are  made 
in  the  holder. 

Frsqsency  asd  Activity 

On  the  surface,  the  job  of  finish¬ 
ing  crystals  appears  rather  simple, 
but  it  is  difficult  for  several  reasons. 
No  hard  and  fast  rules  for  finishing 
a  crystal  can  be  set  down  because  no 
two  crystals  finish  exactly  alike. 
Each  is  an  individual  problem. 

Certain  suggestions  can  be  given 
but  it  is  largely  up  to  the  finisher  to 
determine  through  a  process  of  trial 
and  error  the  particular  steps  which 
will  give  the  desired  results  on  a 
given  crystal.  Experienced  finishers 


•  Ellil,  L.  A.  (’rystul  Holder  doMlgn,  Elec¬ 
tron  u's.  October,  lJ»4a. 
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FIG.  3 — Examples  of  imperfections  in  finished  crystals.  Finishers  must  instantly  recognize  such  imperfections 
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cannot  be  taught  by  instruction 
alone.  They  gain  proficiency  only  by 
practice  and  experience  over  a  con¬ 
siderable  period  of  time. 

Let  us  consider  a  little  further  this 
process  of  crystal  finishing.  As  men¬ 
tioned  previously,  a  finisher  has  two 
chief  concerns:  (a)  bringing  the 
crystal  to  the  desired  frequency,  and 
(b)  maintaining  sufficient  activity  to 
pass  the  minimum  activity  test. 

As  far  as  is  known  now,  the  activ¬ 
ity  of  a  crystal  is  determined  by  its 
geometric  dimensions,  its  flatness, 
absence  of  flaws,  and  cleanliness.  To 
raise  the  activity,  the  finisher  is  told 
to  (1)  make  the  faces  as  flat  and 
parallel  as  possible,  (2)  remove  all 
flaws  such  as  chipped  edges,  broken 
corners,  etc.,  (3)  check  dimensions 
and  change  if  necessary,  (4)  make 
crystal  perfectly  square,  and  (5)  be 
sure  the  crystal  is  surgically  clean. 
Consequently,  when  the  finisher  en¬ 
counters  a  crystal  of  low  activity 
these  steps  are  successively  tried 
until  activity  is  satisfactory.  Whether 
to  reduce  the  width  or  the  length,  in¬ 
crease  the  bevels  of  the  edges  or 
round  a  corner  is  something  that  can 
be  told  only  by  judicious  and  careful 
“feeling  out”. 

To  change  the  frequency,  the  fin¬ 
isher  grinds  on  the  faces  of  the  crys¬ 
tal,  reducing  the  thickness.  Also, 
each  time  that  the  finisher  works  on 
the  edges,  he  changes  the  frequency 
at  the  same  time.  Dimensional  ratios 
have  been  worked  out  for  thickness 
vs  frequency  but  the  exact  value 
varies  with  the  quartz  structure  and 
other  conditions.  As  the  final  fre¬ 
quency  is  approached,  extreme  care 
must  be  exercised,  for  if  the  crystal 
is  ground  a  few  millionths  of  an  inch 
too  thin,  it  will  be  over-frequency. 
A  crystal  cannot  be  made  thicker, 
but  by  working  perpendicular  to  the 
electric  axis  the  frequency  may  be 
lowered  a  small  amount  (a  few  hun¬ 
dred  cycles).  Usually,  however,  a 
crystal  ground  five  hundred  cps  or 
more  over  frequency  is  a  crystal  lost 
beyond  chance  for  salvage. 

Final  frequency  grinding  may  in¬ 
volve  merely  touching  the  crystal  to 
the  glass.  To  bring  a  crystal  in  at 
the  proper  activity  and  at  the  same 
time  maintain  its  activity  is  truly  a 
delicate  job.  Some  crystals  may  be 
finished  in  five  minutes,  others  may 
require  as  much  as  thirty  minutes. 


Sometimes,  after  trying  every  sug¬ 
gestion  known,  the  finisher  is  still 
unable  to  bring  the  crystal  to  specifi¬ 
cations. 


lmp«rf«ctioHt  and  Ageing 

A  crystal  which  has  perfect  activ¬ 
ity  on  the  block  may  have  very  poor 
or  no  activity  when  it  is  placed  be¬ 
tween  electrodes  and  pressure  is  ap¬ 
plied.  In  most  cases  changing  the 
dimensions  of  the  crystal  will  remedy 
this.  In  other  cases  the  electrodes 
have  to  be  flattened.  If  neither  of 
these  methods  remedy  the  situation. 


or  to  the  rearrangement  of  molecule 
on  the  surface  which  were  disturV  t= 
or  thrown  out  of  their  original  ar 
rangement  by  finishing. 

Whatever  the  cause,  ageing  ma; 
cause  the  frequency  of  a  crystal  t 
rise  as  much  as  600  to  1,000  cps,  de 
pending  upon  the  frequency  of 
crystal.  A  finisher  must  allow  fo 
this  frequency  change  in  finishing  bt 
cause  if  it  is  not  done,  the  crysts 
may  age  out  of  tolerance.  To  compli 
cate  matters,  ageing  is  not  unifom 
It  varies  with  the  frequency,  th 
cleanliness  of  the  crystal,  and  eve 


FIG.  4 — Finishing  crystals  by  "tumbling."  They  are  placed  in  gloss  iars,  along 
with  abrasiTes.  and  the  iars  are  rotated  by  means  oi  o  motor 


the  crystal  probably  has  some  im¬ 
purity  in  it  or  is  out  of  flat,  and  is 
discarded. 

Numerous  imperfections  may  be 
found  in  a  finished  crystal  blank. 
Some  of  these  are  shown  in  Figure  3. 
A  finisher  must  be  able  to  recognize 
such  imperfections. 

Another  difficulty  which  must  be 
considered  in  finishing  is  that  of 
“ageing.”  This  phenomenon,  not  too 
well  understood,  has  to  do  with  the 
change  in  frequency  of  a  crystal  with 
age.  It  is  thought  to  be  due  to  the 
working  out  of  microscopic  dirt  par¬ 
ticles  from  the  pores  in  the  quartz 


the  electrodes  between  which  the 
crystal  has  been  placed  and  the  holder 
in  which  it  has  been  incorporated. 
Recent  experiments  prove  that  acces¬ 
sory  parts  also  go  through  an  ageing 
period. 
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Importanc*  of  Clcanliiiatt 

Another  difficulty  in  finishing  a 
crystal  is  that  of  getting  the  finished 
crystal  perfectly  clean.  Considerable 
experimenting  has  been  done  on 
•  cleaning  crystals,  the  criterion  being 
the  condition  at  which  further 
cleansing  with  various  solvents 
causes  no  rise  in  frequency. 
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to  produce  a  machine  for  finishing 
crystals,  thereby  eliminating  the  hu¬ 
man  element.  Many  of  these  have 
been  tried  and  some  have  been  rea¬ 
sonably  successful  in  reducing  if  not 
eliminating  hand  work. 


Maekia*  Fiaitking 


FIG.  S — An  automatic  "boToling"  machine.  Crystals  and  obrasiTSs  are  placed  in 
glass  tubes  equipped  with  bailies.  The  tubes  are  rotated  and  at  the  some  time  tilted 
up  and  down  by  means  oi  a  motor-driren  eccentric 


Cleaning  a  crystal  will  frequently 
ause  its  frequency  to  rise  as  much 
s  1,000  to  1,500  cps.  This  too,  must  - 
taken  into  account  in  finishing, 
t  has  been  found  that  crystals  are 
rely  thoroughly  clean  unless  scrub- 
ed  with  a  brush  and  soap.  Accepted 
rocedure  is  to  scrub  the  crystal  thor- 
ughly  with  soap  and  then  rinse  it  in 
|i  series  of  solvents  such  as  ammonia, 
vater,  and  chemically-pure  alcohol 
)r  carbon  tetrachloride.  Crystals  are 
hen  dried  in  a  blast  of  air.  Even  dry¬ 
ing  on  a  towel  gives  trouble,  due  to 
Ihe  lint  deposited.  Accessory  parts 
Inust  be  cleansed  as  well. 

K««pi«g  Crystal  Claan 

.One  of  the  chief  difficulties  of 
■keeping  a  crystal  clean  is  to  prevent 
|the  finisher  from  getting  oil  on  it 
from  the  fingers.  In  final  stages, 
rystals  must  be  handled  with 
tweezers  or  rubber  gloves  to  elimi¬ 
nate  this  factor.  (In  final  assembly, 
they  must  be  mounted  in  an  enclosed 
lust  proof  room.  The  air  in  this 
'om  is  filtered  and  all  precautions 
ire  taken  to  keep  the  interior  sur- 
ically  clean.  The  crystal  blank  is 
^iriven  a  final  cleaning  and  all  parts 
f  the  crystal  unit  are  thoroughly 
blown  out”  with  compressed  air.) 
After  all  these  precautions,  as 
much  as  15  percent  of  all  finished 
irystals  may  be  thrown  out  during 
Ktiiial  checking  because  of  activity  or 
^frequency  variations.  The  cause  for 
It  j''?cted  crystals  may  be  found  in 


any  of  the  difficulties  discussed 
above.  They  must  be  reprocessed  or 
repaired  by  altering  dimensions,  fur¬ 
ther  grinding,  cleaning,  or  changing 
electrodes  and  holders.  Approx¬ 
imately  60  percent  are  eventually 
salvaged.  > 

Last  of  the  difficulties  to  be  men¬ 
tioned  in  finishing  is  the  fact  that 
the  personality  of  the  individual 
creeps  into  his  work.  This  introduces 
an  element  of  uncertainty.  No  two 
people  finish  a  crystal  alike.  Some¬ 
times  little  personality  traits  are 
beneficial  while  in  other  cases  they 
are  detrimental.  This  accounts  for 
the  fact  that  some  finishers  can  finish 
70  good  crystals  a  day,  while  others 
working  and  trying  just  as  hard 
reach  a  peak  at  25. 

For  the  past  ten  years  crystal 
manufacturers  have  been  attempting 


One  machine  method  of  finishing 
is  called  “tumbling”.  When  using 
this  process,  shown  in  Fig.  4,  semi¬ 
finished  crystals  are  placed  in  candy 
jars  along  with  coarse  abrasive  and 
water.  The  jars  then  are  placed  on 
long  shafts  which  cause  them  to 
rotate.  Crystals  and  abrasives  slide 
over  each  other  in  random  rotation. 
There  is  very  little  pressure  on  the 
crystals  so  the  rate  of  grinding  is 
very  slow.  As  little  as  one  to  three 
kc  can  be  removed  in  one  hour.  This 
is  equivalent  to  one  small  sweep 
across  plate  glass  by  a  finisher.  As 
many  as  1,000  crystals  can  be  ground 
at  once  by  such  a  machine  and  the 
crystals  remain  perfectly  flat. 

A  machine  has  also  been  designed 
for  beveling  crystals.  It  is  shown  in 
Fig.  5,  and  is  a  tubular  affair.  Crys¬ 
tals  are  placed  in  the  tubes  along 
with  a  small  amount  of  abrasive.  The 
tubes  rotate  slowly,  at  the  same  time 
running  on  an  eccentric  so  that  they 
are  tipped  first  towards  one  end  and 
then  toward  the  other.  The  crystals 
ride  on  the  abrasive  in  the  lower  part 
of  the  tubes  and  are  frequently 
(Continued  on  page  288) 


I  FIG.  6 — Mobs  etching  of  cryitali.  latest 
\  innovation  In  the  chemical  method  oi  iin- 
f  ishing.  Harmless  iluorides  less  dililcnlt  to 
handle  than  hydroiluoric  acid  hare  re> 
cently  been  developed  ior  such  work 
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ELECTRON 


Description  of  a  typical  electron  dil 
fraction  camera  for  study  of  surfac 
reactions  at  elevated  temperature 
with  the  technique  of  analyzing  tli 
characteristic  ring  patterns  and  set 
eral  examples  of  the  use  of  the  ii 


Ueaearch  Laboratorivt 
Wentinffhoute  Elec,  d  iljg.  Ci^ 
Eait  Pitttburyh,  Pa. 


Typical  diUraction  picturM:  (a)  Electrolytic  iron 
oxidised;  1  cm  oi  air  lor  15  minutes  at  600°C — 
Fe«Ot:  (b)  Electrolytic  iron  oxidised  in  a  xacuum  of 
2  X  10'*  mm  of  Hg  at  850°C — FeO  lattice;  (c)  Alumi¬ 
num  oxidised  in  1  cm  oi  air  at  500*C— A1  lattice 


60,000v. 


A  *•  Cathode 


Thermc 


The  development  of  the  electron  X-ray  and  electron  diffraction  tech- 
diffraction  camera  as  a  tool  in  niques  differ  as  a  result  of  the  charge 
chemistry  and  physics  arose  from  the  characteristic  of  the  electrons  and  as 
prediction  by  de  Broglie  in  1924  that  a  result  of  the  wavelengths  of  the 
a  wave  system  is  associated  with  radiation.  Electrons  are  scattered  a 
particles  in  motion.  According  to  this  million  times  more  effectively  than 
prediction  the  wavelength  X  of  the  x-rays,  which  fact  limits  the  thick- 
associated  wave  system  of  a  particle  ness  of  the  films  in  the  transmission 
in  motion  is  given  by  X  =  hfmv.  Here  technique  to  300  Angstroms  or  less. 
V  is  the  velocity  of  the  particle,  m  is  In  the  case  of  the  reflection  technique 
the  mass  and  h  is  Planck’s  constant,  it  is  evident  that  at  grazing  angles. 
One  of  the  important  developments  the  first  few  atomic  layers  only  are 
in  the  techniques  of  electron  diffrac-  effective  in  the  diffraction.  This  fact 
tion  was  the  discovery  by  Matukawa  makes  the  electron  diffraction  camera 
and  Shinohara  and  by  Thomson  in  extremely  useful  for  the  study  of  sur- 
1930  that  electrons  impinging  at  face  phenomenon.  . 
grazing  angles  on  plane  polycrystal-  The  wavelength  of*  electrons  of  50 
line  specimens  would  give  diffraction  kv  energy  is  0.0533fAngstrom.  For 
rings  characteristic  of  the  material  x-rays  the  wavelengths  run  from 
in  question.  In  this  case  only  half-  0.5583  Angstrom  for  the  Xoi  line  of 
circles  were,  obtained  on  the  photo-  silver  to  2.2850  for  the  Xoi  line  of 
graphic  plate.  Two  main  types  of  chromium.  This  difference  in  wave- 
diffraction  analysis  are  in  use  today,  length  decreases  the  angle  of  scatter- 
namely:  (1)  transmission  patterns  ing  and  the  diameter  of  the  diffrac- 
obtained  by  passing  the  electron  tion  rings  for  a  given  distance  from 
beam  through  thin  sections  of  the  specimen  to  film  for  the  use  of  elec- 
material,  and  (2)  reflection  patterns 

obtained  by  impinging  the  electron  l-Opi«:.  oi  .toct™.  diHmctta. 

beam  at  grazing  angles.  comuta 


Monifo 
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IFFRACTION  ANALYSIS 
of  Surface  Films 


iion  diffraction  techniques,  as  con¬ 
trasted  to  x-ray  techniques. 

(The  intensities  of  the  diffracted 
atterns  for  the  electrons  are  much, 
reater  than  those  obtained  with 
-rays.  Thus,  exposures  of  from  1 
0  20  seconds  are  common  in  elec- 
ron  diffraction  analysis,  and  the  pat¬ 
terns  can  usually  be  seen  on  a  fluores- 
jcent  screen. 

Electron  diffraction  analysis  is  not 
Ito  be  thought  of  as  a  substitute  for 
the  usual  x-ray  analysis  because  of 
the  difficulty  of  preparation  of  the 
specimen  for  the  general  case.  How- 
,ever,  in  its  special  field  of  surface 
phenomenon,  it  shows  utility. 


Among  the  many  problems  which 
have  been  studied  by  the  electronic 
diffraction  technique  are : 

1.  Thin  films  of  inorganic  and  or¬ 
ganic  materials 

2.  Oxide  and  other  corrosion  films 

3.  Polished  surfaces 

4.  Crystel  growth 

5.  Electrodeposited  materials 

6.  Surface  catalysis 

7.  'Thermionic  emission 

8.  Colloidal  state 

9.  Photoelectric  emission 

10.  Wear  and  lubrication 

11.  Impurities  on  surface 

12.  Running  in  of  bearings 
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The  electron  diffraction  camera  in 
use  at  our  laboratories  consists  of  a 
source  of  homogeneous  high-voltage 
electrons  of  30  to  60  kv  energy,  a 
magnetic  focussing  system,  a  sample 
holder  and  manipulator  and  a  camera 
section.  The  optical  diagram  of  the 
electron  diffraction  camera  is  shown 
in  Fig.  1,  and  a  schematic  diagram 
of  the  apparatus  with  some  auxiliary 
equipment  is  shown  in  Fig.  2. 

Apparatus 

The  high-velocity  electrons  are 
formed  in  the  cathode  discharge  tube 
using  hydrogen  gas.  After  the  beam 
passes  through  the  0.004-inch  anode 
hole,  it  is  collimated  by  a  magnetic 
lens  and  brought  to  a  focus  on  the 
fluorescent  screen  or  photographic 
film.  The  reflection  or  transmission 
samples  are  placed  between  the  mag¬ 
netic  lens  and  the  photographic  film. 
The  specimen  holder  and  manipulator 
allow  movement  of  the  specimen  rela¬ 
tive  to  the  beam.  At  the  same  time 
the  beam  can  be  moved  through  small 
angles  in  order  to  graze  the  speci¬ 
mens  mounted  for  reflection  pictures. 

For  proper  operation  of  the  cam¬ 
era,  a  vacuum  of  about  lO  *  mm  of 
Hg  is  maintained  in  the  main  sec¬ 
tion  of  the  camera,  while  a  pressure 
of  about  0.01  mm  of  Hg  is  main¬ 
tained  in  the  gas  discharge  tube. 
The  pressure  in  the  discharge  tube  is 
regulated  by  a  well  designed  needle 
valve  operating  with  a  constant  pres¬ 
sure  drop  across  the  valve.  With  con¬ 
stant  high  direct  voltage,  the  current 
in  the  discharge  tube  is  dependent  on 
the  pressure.  Using  a  current  of  60 
microamperes  in  the  discharge  tube, 
exposures  of  the  order  of  1  to  .10 
seconds  are  necessary.  The  voltage 
is  maintained  constant  to  about  0.1 
percent  by  a  well  regulated  input 
source  and  high-capacitance  filter. 

The  specimens  for  transmission 
patterns  are  thin  sections  of  material 


To  pump 


FIG.  2 — Schamotic  diagram  oi  election 
dliiroction  camera 
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DIFFRACTION  PATTERN  OF  EVAPORATED  ALUMINUM 


Electron  Diffraction  X^Ray  Table* 


Radius 

dkki 

Intensity 

dkkt 

Intensity 

in  cm 

in  A 

in  A 

1.09 

2.31 

strong 

2.33 

strong 

1.25 

2.015 

strong 

2.02 

strong 

1.78 

1.415 

strong 

1.43 

strong 

2.07 

1  215 

strong 

1.219 

strong 

2.17 

1.16 

weak 

1.168 

weak 

2.73 

0.922 

weak 

0.928 

weak 

2.81 

0.895 

weak 

0.905 

weak 

3.08 

0.820 

weak 

0.826 

weak 

3.29 

0.765  ‘ 

weak 

0.778 

weak 

30  to  200  Angstroms  thick.  The 
usual  technique  involves  evaporation 
of  the  material  on  to  a  thin  organic 
film.  Other  methods,  such  as  film 
stripping  techniques,  are  used  de¬ 
pending  upon  the  particular  problem. 
In  general,  the  transmission  tech¬ 
nique  suffers  from  the  considerable 
difficulty  of  preparing  specimens. 

Tachaiqaa 

The  reflection  technique  is  more 
versatile  since  the  only  requirements 
are  that  the  material  be  plane  crystal¬ 
line  and  of  a  certain  area.  The  area 
and  the  surface  preparation  are  im¬ 
portant  factors  in  regard  to  the  over¬ 
all  intensity  of  the  pattern.  Usually 
the  surfaces  are  made  smooth  with 
various  types  of  polishing  paper  be¬ 
fore  subjecting  them  to  the  experi¬ 
mental  procedures.  Care  must  be  ob¬ 
served  to  prevent  organic  and  other 
films  from  contaminating  the  surface. 

ARolytis  of  PatterRf 

Figure  3  shows  schematically  the 
variables  involved  in  the  analysis  of 
reflection  patterns.  The  poly-crystal¬ 
line  specimen  at  a  distance  L  from 
the  film  diffracts  electrons  giving 
rings  of  radii,  ««,.  In  the  case  of 
single  crystals  or  specimens  in  which 
orientation  effects  are  present,  spots 
or  lines  may  be  obtained  instead  of 
rings.  The  undiffracted  beam  is 
shown  striking  the  film  behind  the 
shadow  edge.  The  angles  of  scatter¬ 
ing  correspond  to  those  which  are 
predicted  by  a  simplified  form  of 
Bragg’s  law  applicable  only  to  small 
angles 


Here  X  is  the  wavelength  of  the  elec¬ 
trons  and  dkkt  is  the  lattice  spacing 


effective  in  producing  the  diffraction 
hkl.  Thus,  by  measuring  the  radii  of 
the  diffraction  rings,  the  correspond¬ 
ing  crystal  spacings  can  be.  deter¬ 
mined  when  L  and  X  are  given.  A 
knowledge  of  the  values  of  the  radii 
of  the  various  rings  and  their  rela¬ 
tive  intensities  leads  directly  by  com¬ 
parison  with  tables  to  the  identifica¬ 
tion  of  the  material  or  film. 

The  instrument  can  be  calibrated 
either  by  directly  determining  the 
voltage  or  by  making  diffraction  pat¬ 
terns  of  known  materials  and  calcu¬ 
lating  the  value  of  X.  The  table  shows 
a  typical  comparison  of  the  lattice 
spacings  of  evaporated  aluminum,  as 
determined  by  electron  diffraction, 
with  the  spacings  listed  in  Hanawalt, 
Rinn  and  FVevel’s  tables*  obtained  by 
x-ray  analysis.  The  agreement  is 
good  to  about  1  percent.  This  order 
of  agreement  is  to  be  expected  be¬ 
cause  of  the  uncertainty  in  the  speci¬ 
men  to  plate  distance.  The  width  of 
the  specimen  is  about  1  cm  while  the 
specimen  to  plate  distance  is  48  cm. 

Applicatiea  to  S^rfac*  Film 

One  of  the  interesting  applications 
of  the  electron  diffraction  technique 
has  been  the  study  of  oxidation  and 
corrosion  products  of  the  various 
metals  in  different  gas  atmospheres. 
The  apparatus  in  our  laboratories  is 
fitted  out  to  study  surface  reactions 
and  allows  the  diffraction  picture  to 
be  taken  at  the  temperatures  in  ques¬ 
tion.  This  is  done  by  enclosing  the 
specimen  in  a  silver  furnace  whose 
temperature  is  carefully  controlled. 
The  samples  can  be  cleaned  by  treat¬ 
ment  with  hydrogen.  The  behavior 
of  the  metal  in  various  gas  atmos- 

*  Hanawalt,  Rinn  and  Frevel,  Indu$trial 
and  Enffinerring  Chemistry,  Analytical  Edi¬ 
tion,  Vol.  10,  p.  467-812  (1988). 


pheres  can  then  be  studied  by  ad¬ 
mitting  the  gases  to  the  camera  foi 
specified  time  intervals  at  variou^ 
pressures.  At  the  conclusion  of  the 
experiment  the  camera  is  evacuateu 
and  the  diffraction  picture  taken  at 
the  temperature  in  question. 

The  photographs  show  three  typi¬ 
cal  diffraction  pictures  obtained  by 
the  reflection  technique.  At  (a)  is 
the  diffraction  pattern  obtained  by 
subjecting  pure  electrolytic  iron  to 
an  air  atmosphere  of  1  cm  of  mer¬ 
cury  pressure  for  15  minutes  at 
600®C.  The  structure  is  found  to  be 
Fe«0«.  At  (b)  is  the  pattern  obtained 
when  pure  electrolytic  iron  is  heated 
to  850'’C  in  a  quartz  tube  in  a  vacuum 
of  2  X  10  *  mm  of  Hg.  The  structure 
is  FeO  and  shows  evidence  of  pre¬ 
ferred  orientation  as  indicated  by 
the  spots.  At  (c)  is  the  result  of  heat- ' 
ing  aluminum  in  air  at  1.5  cm  of  Hg 
for  2  minutes  at  500'’C.  The  pattern 
is  that  of  aluminum  and  shows  that 
the  aluminum  oxide  film  that  is 
formed  is  noncrystalline  in  nature. 


Incident  beom  ot  electrons 


Specimen 


Und  iffrocted 
beam 


Specimen  shodoov  edge 


c 

lb 


kUE  TO 
New 
lulvage  tri 
>outes.  In 
■ails  were 
)Hvement 
listing  of 
;dge  at  a  < 
ivoid  des 
ictween  tl 

!t  was  del 
ies  so  tha 
ill  acetyle 
A  simi 

tevised  u 
lended  u] 
ance  of  a 
brought  ii 
resulted 
the  metal 
Opposing 
Figure 
llKcd  to  d< 
in  induct 
was  madi 
circuit  in 
which  we 
ferent  frt 
were  mix 
Che  diffe 
|fied  in  th 
A  fairl 
I  ised  in  tl 


RATI 

“/i 


FIG.  3 — Schsmcrtlc  dioqram  oi  TcirlabiM 
iBTolT*d  in  r*fl*ction  pottnnu 


FIG. 

tance 


128 


Jo/iiwry  I W— ELECTRONICS 


iLECTRON 


Electronic  Locator  for 

Salvaging  Trolley  Rails 


By  JAMES  6.  CLARKE  aid  CHARLES  F.  SPIHER 

Attt.  Prof.  <n  KUc.  Eng.  Instructor  tn  Elec.  Eng. 

Tale  University  Yale  University 


UE  TO  THE  SHORTAGE  of  steel,  a 
New  England  city  ’  decided  to 
■alvage  trolley  rails  from  abandoned 
routes.  In  parts  of  the  city,  the  two 
rails  were  tied  together  beneath  the 
[javement  with  steel  cross-ties  con- 
listing  of  i  X  2-in.  straps  placed  on 
dge  at  a  depth  of  about  one  foot.  To 
ivoid  destruction  of  the  pavement 
)etween  the  rails  as  they  were  lifted, 
t  was  desired  to  locate  these  cross- 
ies  so  that  they  could  be  cut  off  with 
m  acetylene  torch. 

A  simple  electronic  locator  was 
levised  using  a  circuit  which  de- 
)ended  upon  the  changes  of  induc- 
ance  of  a  search  coil  when  metal  was 
)rought  into  its  vicinity.  This  change 
•esulted  from  eddy  currents  in 
he  metal,  which  established  a  flux 
opposing  the  flux  from  the  coil. 

Figure  1  illustrates  the  circuit 
used  to  detect  this  very  small  change 
in  inductance.  The  search  coil,  L«, 
was  made  the  inductor  of  the  tank 
lircuit  In  one  of  two  r-f  oscillators 
Ahich  were  operated  at  slightly  dif¬ 
ferent  frequencies.  These  frequencies 
were  mixed  in  the  1R5  and  detected. 
The  difference  frequency  was  ampli- 
ied  in  the  1S4  and  fed  to  a  speaker. 
A  fairly  high  radio  frequency  was 
'pd  in  the  oscillators,  since  this  pro¬ 


duces  a  large  change  in  cycles  per 
second  for  a  given  percentage  change 
in  inductance.  Also,  the  effect  of 
eddy  currents  is  more  pronounced  at 
high  frequencies. 

If  the  operating  frequency  selected 
is  too  high,  the  disturbing  influence 
of  stray  capacitances  and  ground 
currents  may  become  appreciable.  A 
frequency  of  2  Me  was  found  to  be  a 
satisfactory  compromise  between 
these  effects. 


To  minimize  the  influence  of  stray 
capacitances,  a  comparatively  large 
capacitance  and  small  inductance- was 
used  in  the  tank  circuit  containing 
the  search  coil,  and  a  Faraday  elec¬ 
trostatic  screen  was  placed  between 
the  search  coil  and  the  ground.  In¬ 
crease  of  capacitance  and  decrease  of 
inductance  reduces  the  impedance  of 
the  tank  circuit.  This  reduction  re¬ 
sults  in  a  poor  impedance  match  with 
the  plate  resistance  of  the  tube. 

Since  the  length  of  the  cross-ties 
which  were  to  be  located  was  great 
compared  to  their  thickness,  it  was 
expected  that  a  long  narrow  coil 
would  be  more  sensitive  than  a  cir¬ 
cular  coil.  This  assumption  was 
found  to  be  incorrect.  The  shape  of  a 
coil  was  changed,  and  the  minimum 
distances  permitting  detection  were 
plotted  in  Fig.  2  against  the  ratio  of 
coil  width  to  coil  length.  This  showed 
a  circular  coil  was  most  sensitive. 

Miniature-type  tubes  with  button- 
base  sockets  were  used.  The  filaments 
of  these  ^ubes  were  supplied  from  a 
flashlight  l^attery,  and  the  plates 
from  a  45-volt  hearing-aid  battery. 
The  functions  of  one  oscillator,  the 
mixer  and  an  amplifier  were  com¬ 
bined  in  the  pentagrid  tube.  A  small 
p-m  loudspeaker  was  used. 


m 
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FIG.  2 — Effect  of  loorch  coil  shop*  on  dit* 
tanc*  at  which  crois-ties  can  be  detactad 


tfCTRONICS  — JoRtfory  1944 


DETECTION  DISTANCE - 
INChCS  FROM  COIL  CENTER. 
ABOVE  OR  BELOW. 


An  Improved 

TRANSMISSION  LINE 
CALCULATOR 


An  extension  of  the  “calculator”  originally  published  in  Electronics  in  January  1939. 
New  parameters  have  been  added  and  accuracy  has  been  improved 


There  was  developed  and  has  been  meters  are  ralated  to  one  another  and  wise  defined,  normally  considered  to 
in  use  in  the  Bell  Telephone  Lab-  specific  solutions  to  a  given  problem  be  that  impedance  which  would  be 
oratories  for  a  number  of  years  a  are  obtainable  through  the  use  of  an  measured  if  the  line  were  cut  at  that 
particularly  useful  form  of  calculator  adjustable  cross-hair  index  along  the  point  and  measurements  were  made 
for  solving  radio  transmission  line  radial  arm,  which  extends  to  inter-  looking  into  the  line  section  which  is 
problems.  The  calculator  was  origin-  sect  the  scales  around  the  riuL  The  connected  to  the  load, 
ally  described  in  Electronics*  where  parameters  which  are  plotted  on  the 

it  was  presented  in  “cut-out”  form,  calculator  include:  Iwp^doBc*  ••■•ml  Canid«r«tiMs 

The  impetus  given  to  radio  develop-  I.  Impedance,  or  admittance,  at  The  impedance  at  any  point  along 
ment  by  the  war  has  promoted  con-  any  point  along  the  line,  (a)  Reflec-  the  line  and  the  power  reaching  this 
siderable  interest  in  this  calculator  tion  coefficient  magnitude,  (b)  Re-  point  from  the  generator  completely 
among  engineers  and  research  work-  flection  coefficient  angle  in  degrees.  determine  the  magnitude  of  the  cur- 
ers,  particularly  in  the  field  of  u-h-f  II.  Length  of  line  between  any  two  rent  and  voltage  and  their  phase  re¬ 
technique  where  electrical  measure-  points  in  wavelengths.  lationship  at  that  point.  For  a  steady 

ments  must  be  made  indirectly.  Ac-  III.  Attenuation  between  any  two  state,  the  generator  impedance  it- 
cordingly,  it  has  been  felt  desirable  points  in  decibels,  (a)  Standing  wave  self,  as  well  as  the  impedance  looking 
to  again  present  at  this  time  a  com¬ 
prehensive  description  of  the  device. 

Several  new  and  useful  parameters 
have  been  added  to  the  original  de¬ 
sign  and  the  entire  calculator  has 
been  redrawn  to  improve  its  accuracy 
and  facilitate  reading  the  coordi¬ 
nates. 

The  calculator  is,  fundamentally, 
a  special  kind  of  impedance  coordi¬ 
nate  system,  mechanically  arranged 
with  respect  to  a  set  of  movable 
scales  to  portray  the  relationship  of 
impedance  at  any  point  along  a  uni¬ 
form  open  wire  or  coaxial  transmis¬ 
sion  line  to  the  impedance  at  any 
other  point  and  to  the  several  other 
electrical  parameters.  These  other 
parameters  are  plotted  as  scales  along 
the  radial  arm  and  around  the  rim  of 
the  calculator,  both  of  which  are  ar¬ 
ranged  to  be  independently  adjust¬ 
able  with  respect  to  the  main  imped¬ 
ance  coordinates.  All  of  the  para- 
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can  affe 
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wave  ratio,  (a)  Standing  wave  ratio  can  in  no  way  affect  the  distribution 
in  decibels,  (b)  Limits  of  voltage  and  of  current  or  voltage  along  the  trans¬ 
current  due  to  standing  waves.  mission  line  to  which  the  generator 

A  brief  discussion  of  each  of  the  is  connected, 
several  parameters  and  the  manner  In  other  words,  the  generator  im- 
in  which  they  may  be  evaluated  from  pedance  can  have  no  effect  upon  the 
the  calculator  will  be  given.  standing  wave  position  or  amplitude 

The  impedance  at  any  point  along  ratio  or  upon  the  relation  of  the 
a  transmission  line  is,  unless  other-  standing  wave  to  the  impedance  dis- 


*  Smith,  PhUlip  H.  Transmission  Line 
Calculator,  Elbctronics,  January  1989. 


ELECTRO 


Jcmirary  — ELECTRONICS 


aaMBBBH 


^^^^SssU!!!;;!!!Sjl?.‘?^£^^8&^^^j& 


MMi 

fiMMH 


wmmm 

HMMibii 


By  PHILLIP  H.  SMITH 

Jtndio  Development  Department 
Bell  Telephone  Laboratories 
New  York  Citt/ 


Circular  tronamisslon  lln*  calculator  with  Mporotoly 
rototoblo  "woTolonqtlu''  scale  around  rim.  Troiuparent 
arm  shown  ot  left  is  piloted  ot  the  center  of  the  calculator. 
Slider  is  slipped  on  arm  os  crosshair  indicating  mechanism 


tribution  (locus  of  impedances)  along 
the  line.  The  generator  impedance 
can  affect  only  the  power  delivered 
to  the  transmission  line  and  conse¬ 
quently  the  amplitude  of  the  current 
I  or  voltage  all  along  the  line,  propor- 
!  tionately.  The  calculator  relates  the 
=  series  comptments  of  the  impedances 
thus  considered  at  any  point  along  a 


transmission  line  to  a  number  of 
other  parameters  which  will  be  dis¬ 
cussed  individually. 

Impodaaco  Ceordinotos — Control  Aroa 
of  Calcolater 

The  series  impedance  components 
are  represented  on  the  calculator  as 
two  orthogonal  families  of  circular 


curves  plotted  upon  the  central  cir¬ 
cular  disc,  one  family  of  curves  repre¬ 
senting  resistances  and  the  other  re¬ 
actances.  All  impedances,  both 
known  and  unknown,  are  read  there¬ 
upon.  To  make  the  calculator  of  gen¬ 
eral  application,  these  impedance  co¬ 
ordinates  are  labeled  as  a  fractional 
part  of  the  characteristic  impedance 
of  the  line  (a  fixed  parameter  in  any 
given  problem  which  may  be  evalu¬ 
ated  from  the  physical  dimensions  of 
the  line.)* 

*  Morrison,  J.  F..  TraniunisHion  Lines,  Pick¬ 
ups  (Western  Electric  Co.,  New  York).  De¬ 
cember  1939.  See  also  “Radio  Enflneers 
Handbook,"  Terman,  p.  174. 
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It  is  therefore  necessary  when  us-  mittance  of  the  line.  Likewise,  the  terms  of  the  magnitude  and  phase  j 
ing  the  calculator  for  solving  prob-  coordinate  axis  (imaginary)  labeled  relationship  of  reflected  and  inci- 
lems  involving  the  impedance  at  any  “Positive  Reactance  Clomponent  dent  traveling  waves,  i.e.,  the  reflec- 
point  to  first  divide  the  components  i+jX/Z,)*’  becomes  the  Positive  tion  coefficient  of  the  transmission 
of  all  known  impedances  by  the  char-  Susceptance  Component  O-jb/Y)  line  under  consideration, 
acteristic  impedance  of  the  line,  then  axis  and  in  the  negative  direction  the  The  magnitude  of  the  reflection  co-i 
obtain  a  solution  from  the  calculator  Negative  Susceptance  Component  efficient  is  expressed  by  a  number  be- 
which,  if  an  impedance,  will  be  ex-  \—jb/Y).  tween  0  and  1.0,  which  represents  the 

pressed  as  a  fraction  of  the  charac-  Admittance  is  defined  as  Y  =  a  -|-  ratio  of  reflected  to  incident  voltage 
teristic  impedance  of  the  line,  and  jb  and  it  is  important  to  remember  at  the  point  under  consideration.  If 
finally  to  multiply  this  solution  by  the  that  capacitance  is  considered  to  be  the  attenuation  of  the  line  is  negli- 
characteristic  impedance  to  obtain  a  positive  susceptance  and  indue-  gible  the  magnitude  of  the  reflec- 
the  answer  in  ohms.  The  character-  tance  a  negative  susceptance.  The  tion  coefficient  will  be  a  constant  at 
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standing  wave  amplitude  ratio  along  I 
the  line.  ! 

The  magnitude  of  the  reflection 
coefficient  is  plotted  as  a  scale  along 
the  radial  arm.  The  phase  angle  of 
the  reflection  coefficient  is  directly  re- ' 
lated  to  the  impedance  and  accord¬ 
ingly  is  indicated  on  the  calculator 
as  a  scale  around  the  rim  of  the  im¬ 
pedance  coordinate  ssrstem. 

All  impedances  radially  in  line 
have  a  constant  reflection  coefficient 
phase  angle.  This  phase  angle  is  the 
angle  by  which  the  reflected  wave 
lags  the  incident  wave  at  the  point 
along  the  line  under  consideration. 
Where  these  two  waves  add  in  phase 
to  give  a  maximum  voltage  the  im¬ 
pedance  is  resistive  and  greater  than 
the  characteristic  impedance  of  the 
line,  and  the  angle  of  the  reflection 
coefficient 
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zero  degrees.  Going 
towards  the  generator  from  this 
point,  the  departure  from  zero  phase 
angle  is  linearly  related  to  the  dis¬ 
tance  traversed.  The  reflected  volt¬ 
age  wave  at  first  lags  the  incident 
voltage  wave  (having  the  longer 
path  to  traverse)  and  the  phase  an¬ 
gle  of  the  reflection  coefficient  is  con- 
impedances  may  be  converted  to  sidered  to  be  negative  for  the  first 
admittances,  or  vice  versa,  by  going  quarter  wavelength  from  the  voltage 
to  a  diametrically  opposite  point  on  maximum  point  in  the  direction  of 


Conitruction  oi  "constemt  r*actaBC«‘ 
CUTTM  ±  fx/Z, 


pedance  or  admittance  coordinates 
are  considered. 


AdmitfaRc*  Ceerdiaatet 
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the  generator,  where  the  reactive 
component  of  the  impedance  is  in¬ 
ductive,  the  reflected  wave  leads  the 
incident  wave  and  the  reflection  co¬ 
efficient  has  a  positive  angle. 

The  relationship  between  the  mag¬ 
nitude  of  the  reflection  coeflUcient  and 
the  standing  wave  amplitude  ratio 
may  be  derived  from  the  fact  that  at 
the  voltage  maximum  point  the  inci¬ 
dent  and  reflected  waves  add  in 
phase,  whereas,  at  the  voltage  mini¬ 
mum  point  they  are  exactly  out  of 
phase,  thus 


E  ...  _v,+  Vm 
E  ^  V,-  V, 


(1) 


Since  ~  k, 
E,„  1  +  i 


(2) 


k  ■■  magnitude  of  the  voltage  reflection  co¬ 
efficient 

Vm  reflected  voltage 
Vt  *  incident  voltage 


Lca9tli  of  Liee— Movable  Distaeee  Scale 
Areeed  RIm 

Impedances  along  a  uniform  trans¬ 
mission  line  vary  cyclically,  repeating 
every  half  wavelength  if  the  line  has 
negligible  attenuation.  Thus,  for  any 
given  termination  the  impedance  lo¬ 
cus  path  in  going  along  the  line  in 
either  direction  from  any  initial 
starting  point  will  close  upon  itself 
in  exactly  one-half  wavelength  ef¬ 
fective  length.  The  circular  calcu¬ 
lator  is  arranged  so  that  one  trip 
around  the  impedance  coordinated 
disc  at  any  constant  distance  from 
the  center  corresponds  to  a  move¬ 
ment  of  just  one-half  wavelength 
along  the  transmission  line.  The 
length  scale  around  the  rim  of  the 
calculator  is  linear  and  its  zero  posi¬ 
tion  may  be  adjusted  so  that  meas¬ 
urements  can  be  started  from  a  point 
radially  in  line  with  any  known  im¬ 
pedance  point  on  the  coordinates  and 
carried  in  either  direction,  i.e.,  either 
“towards  the  generator”  or  “towards 
the  load”  to  a  point  where  it  may  be 
desired  to  know  the  impedance. 

Uniform  transmission  lines  with 
air  dielectric  and  negligible  attenu¬ 
ation  have  an  “effective  length” 
equivalent  to  the  length  of  the  wave 
in  free  space  and  no  correction  is  re- 
(Uiited  for  the  length  scale.  How¬ 
ever,  any  solid  dielectric  material  in 
the  field  of  the  conductors  causes  a 


reduction  in  the  length  of  the  stand¬ 
ing  wave  which  is  proportional  to 
1/V  where  K  is  the  dielectric  con¬ 
stant.  This  applies  to  lines  where 
the  entire  field  is  confined  to  a  homo¬ 
geneous  dielectric  such  as  rubber- 
insulated  coaxial  lines.  In  coaxial 
lines,  for  example,  where  bead  insu¬ 
lators  are  used,  if  the  beads  are 
spaced  closer  than  about  ,l/36th 
wavelength,  the  line  may  be  con¬ 
sidered  to  have  a  uniform  effective 
dielectric  constant.  The  length  scale 
refers  to  the  “effective  length”  of 
the  line. 

As  further  discussed  in  the  section 
entitled  “Standing  Wave  Ratio,”  the 
relation  between  impedance  and  cur¬ 
rent  distribution  (standing  waves), 
especially  with  respect  to  their  posi¬ 
tion  along  the  line,  is  often  conven¬ 
iently  referred  to  the  pure  resistance 


Conitniction  oi  ‘’conitani  rMistanc*"  curvvt 
R/Z, 


points  and  length  measurements  are 
often  made  with  reference  to  one  end 
or  the  other  of  the  “real”  axis,  at 
which  points  the  maximum  and  mini¬ 
mum  current  and  voltage  points 
occur. 

Any  line  length  in  excess  of  one- 
half  wavelength  can  be  reduced  to 
an  equivalent  shorter  length  to  bring 
it  within  the  scale  range  of  the  cal¬ 
culator  by  subtracting  the  largest 
possible  whole  numbers  of  half  wave¬ 
lengths  therefrom. 

Scalas  Aleag  Radial  Arm 

A  number  of  the  parameters  are 
uniquely  related  to  one  another  as 
well  as  to  the  magnitude  of  the  re¬ 
flection  coefficient  previously  de¬ 
scribed.  These  parameters  are  con¬ 
veniently  plotted  as  scales  along  the 


radial  arm  in  nomograph  form. 
Their  relationship  may  be  evaluated 
through  the  use  of  the  sliding  index 
line  which  permits  reading  any  or 
all  of  the  several  scales  at  the  inter¬ 
section  of  the  slider  index  line.  A 
given  set  of  such  values  are  also  re¬ 
lated  to  a  given  impedance  locus 
which  is  traversed  upon  the  impe¬ 
dance  coordinates  at  the  cross  index 
line  intersection  when  the  radial  arm 
is  rotated  once  around  the  calculator. 
The  several  related  parameters  plot¬ 
ted  along  the  rad'al  arm  in  nomo- 
•  graph  form  include  the  following: 

(1)  Attenuation  in  1-db  steps 
(due  to  loss  resistance  of 

.  line,  leakage,  and  dielectric 
loss). 

(2)  Standing  wave  loss  coeffi¬ 
cient  (due  to  increased  av¬ 
erage  current  and  voltage). 

(3)  Reflection  loss  (or  gain)  in 
decibels. 

(4)  Reflection  coefficient  magni¬ 
tude  (voltage). 

(5)  Standing  wave  ratio  (SWi?) 
of  maximum  to  minimum 
current  or  voltage. 

(6)  Standing  wave  ratio  ex¬ 
pressed  in  decibels 

(20  log,„SWR). 

(7)  Relative  voltage  or  current 
at  maximum  and  minimum 
points  for  constant  power. 

Att«Raatloa 

Attenuation  causes  the  impedance 
locus  along  a  uniform  transmission 
line  to  spiral  inward  toward  the 
center  of  the  calculator  from  the  ini¬ 
tial  starting  point  when  going  from 
the  load  end  of  the  line  “toward  the 
generator”,  and  to  spiral  outward 
toward  the  rim  when  going  from  an 
initial  starting  point  “toward  the 
load”.  The  rate  at  which  this  spiral 
locus  approaches  the  center  (or  the 
rim)  depends  directly  upon  the  at¬ 
tenuation  per  unit  length  of  line  as 
well  as  upon  the  initial  starting 
point 

Impedances  near  the  rim  (encoun¬ 
tered  along  a  line  bearing  a  large 
standing  wave)  are  altered  to  a 
greater  extent  by  a  db  unit  of  attenu¬ 
ation,  for  example,  than  impedances 
near  the  center.  The  attenuation 
.scale  is  conveniently  plotted  along 
the  radial  arm  since  it  is  a  measure 
(Continued  on  page  318) 
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Aircraft  Radio 


Before  any  item  is  made  a  part 
of  an  airplane,  someone  must 
prove  that  it  will  pay  its  own  way 
during  the  life  of  the  airplane. 

There  are  many  ways  in  which  a 
component  of  a  plane  can  pay  its 
way.  For  example,  it  may  add  to  the 
speed  of  the  plane  or  otherwise  im¬ 
prove  performance.  It  may  add  to 
the  pay  load  or  increase  the  safety 
of  flight.  It  may  enable  the  manufac¬ 
turer  to  turn  out  planes  quicker  and 
cheaper  or  enable  the  operator  of  an 
airline  to  speed  up  the  overhaul  of 
such  a  plane. 

Interest,  taxes  and  depreciation  go 
on  whether  or  not  a  x>lRne  is  flying 
and  earning  revenue,  and  these  ex¬ 
penses  may  amount  to  $100  per  day 
or  more.  In  addition,  'a  plane  on  the 
ground  is  not  earning  revenue,  and  a 
successful  transcontinental  airline 
can  reasonably  expect  an  income  of 
somewhere  around  $1,000  per  day 


Typical  oircroit  •Ucteical  disconnect  pings 
mad#  to  Amy  and  Nary  specifications  by 
rorious  monuiacturers.  Corresponding 
types  ore  interchangeable 

k  ^  _ 

TOP  ROiR  left  to  right:  Cannon  AN-9102- 
40-IP;  cStaon  AN  31M-40-18;  Cannon  AN- 
3102-28^1  Aero  AN-3108-2S-28;  Amphenol 
AN-3102-14S-1P;  Amphenol  AN-31M-14S- 
IS.  SECOND  ROW:  Amphenol  AN4102- 
32P1P;  Aero  AN-31M-3218;  Amphenol 
AN-3102-U-4P;  Cannon  AN-3106-22-48;  Am¬ 
phenol  AN-3102-14-3P;  Amphenol  AN-310t- 
14-38.  THIRD  ROW:  Harwood  AN410t- 
13-48;  Amphenol  3741031-13-43;  Amphenol 
AN4103-1S4S;  Amphenol  AN4102^1S4P; 
Cannon  AN4103-13-M;  Amphenol  AN4102- 
18S-1P;  Cannon  AN4103-13S-18.  80TTOM 
ROW:  Amphenol  AN4102-148-28;  Am¬ 
phenol  AN-3102-148-2P;  Cannon  AN4103- 
148-28;  Cannon  AN4103-148-2S;  Amphenol 
AN  3106-12-58;  Amphenol  AN4102-124P 


from  each  plane  in  its  fleet.  Broken 
down  into  loss  per  hour,  we  And  that 
the  airline  loses  approximately  $40 
for  every  hour  a  plane  spends  on  the 
ground.  Therefore,  anything  that 
speeds  up  the  periodical  overhaul  and 
repair  adds  to  income. 

The  electrical  or  radio  disconnect 
plug  is  a  good  example  of  an  air¬ 
craft  part  that  can  speed  up  overhaul. 


For  instance,  one  of  its  many  uses  is 
for  plug-in  instrument  panels,  as  il¬ 
lustrated  in  Fig.  1.  Here  the  change 
to  plugs  resulted  in  a  saving  of  about 
4  hours  in  changing  instruments  in 
the  plane,  besides  the  intangible  ben¬ 
efit  of  not  having  so  many  men  work¬ 
ing  in  the  cockpit  at  the  same  time. 

One  usually  supposes  that  plugs 
add  weight  and  thus  counteract  the 
benefit  derived  from  facility  in  over¬ 
haul.  If  sufficient  forethought  is 
given  to  the  installation  this  is  not 
necessarily  true.  In  the  case  of  the 
aforementioned  plug-in  instrument 
panel,  enough  wire  and  terminal 
strips  ware  removed  to  save  4i  lb 
over  the  weight  of  the  plugs  which 
were  substituted.  At  a  conservative 
estimate,  a  pound  is  worth  $20  a 
year  per  plane  in  revenue*,  hence  the 
plugs  earned  $90  in  revenue  for  each 
plane  on  which  the  conversion  was 

•Under  wartime  conditions,  about  ten 
times  this  amount. 
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iscoNNECT  Plugs 


Former  8upt.  of  Aircraft  Railio  Service 
United  Air  Lines,  Chicago 


T'roperly  used,  electrical 
disconnect  plugs  can  boost 

I 

earning  power 

I 

rial  aircraft  by  reducing 
itulal  weight  of  radio  and 
If^eclrical  equipment, 
mining  overhaul  time,  and 
speeding  emergency  replace¬ 
ments.  Some  planes  have 
2000  connections 
through  plugs 


commer- 


mini 


over 


Other  parts  of  the  plane  are  also 
made  quickly  removable  through  the 
use  of  plugs  and  receptacles.  Some 
examples  are  as  follows:  wing  tips, 
center  sections,  tail  cones. 


instrument  boards, 

receivers  and  transmitters,  batteries, 
FIG.  1  —  Front  emd  electric  ovens  for  keeping  food  hot, 
™  battery  carts,  interphone  stations, 

electrical 

a  30-pin  oloctrical  dis-  temperature  controls,  deicing  equip- 
connoct  plug 

All  some  planes  as 

'  as  2000  or  more  connections  are  dis¬ 
connected  through  plugs.  If  such 
connections  were  removed  and  re¬ 
made.  For  a  fleet  of  100  planes,  $9,-  ment,  such  delays  are  generally  pre-  made  by  unsoldering  and  soldering  it 
000  is  added  to  the  yearly  income.  vented  by  quick  replacement  of  the  would  probably  take  one  man  about 

defective  unit  by  a  serviceable  unit,  two  weeks. 

Us*s  for  Flags  Quick  replacement  is  greatly  facili- 

In  spite  of  the  most  careful  atten-  tated  by  the  use  of  disconnect  plugs.  Typos  of  Flogs 

tion  during  periodic  overhauls  of  an  Electrical  disconnect  plugs  are  Currents  may  range  from  a  frac- 
airplane,  some  parts  may  require  used  throughout  airplanes,  some-  tion  of  a  milliampere  to  500  amperes 
repair  or  attention  between  the  peri-  times  in  the  most  unlikely  locations,  and  from  a  few  millivolts  to  1000 
odic  overhauls.  Radio  and  electrical  Electrical  connections  to  each  en-  volts  or  more.  A  plug  may  have  one 
parts  are  no  exception.  If  it  were  gine  nacelle  are  made  through  plugs  contact  or  rows  and  rows  of  contacts 
necessary  to  make  such  repairs  in  the  to  starters,  generators,  generator  of  all  sizes.  The  plug  shown  in  Fig. 
plane,  costly  delays  of  scheduled  ie-  control  boxes,  booster  coils,  full-  2,  having  a  total  of  180  contacts,  will 
partures  would  frequently  result.  In  feathering  propeller  pumps,  electri-  be  used  to  disconnect  the  radio  con- 
the  case  of  radio  and  el^tricaT  equip-  cal  instruments,  magneto  leads,  etc.  {Continued  on  page  236) 
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The  MULTIVIBRATOR 


Applied  Theory 


IN  this  article*  the  analysis  of  the  Xhis  first  part  of  a  three-part  paper  is  devoted  largely  to  " 
multivibrator  is  developed  on  the  ,  i  .  .1  .  f  1  r  rT«i  ' 

basis  of  simple  capacitor-resistor  multivibrator  operating  at  its  natural  frequency.  The  ^ 

time  constants.  An  equation  relat-  wave  shape  of  the  synchronizing  voltage  and  its  point  of  t 
ing  the  natural  frequency  of  the  1  .ij  i 

multivibrator  to  the  characteristics  application  to  the  multivihrator  are  considered  ^ 

of  the  tubes  and  circuit  components  j 

is  derived  and  discussed.  The  wave-  . .  41 

form  of  the  synchronizing  voltage  r 

is  considered,  as  well  as  the  con-  sizing  pulses  over  which  a  given  order  voltage  across  will  decrease  in-  P 
ditions  that  determine  the  phase  in  division  can  be  maintained  are  pre-  stantaneously  from  zero  to  the  value  | 
which  this  voltage  must  be  supplied  sented.  Equations  and  curves  are  in-  of  the  negative  step  and  will  there-  f 
to  each  tube.  Equations  are  given  eluded  which  facilitate  the  design  of  after  increase  exponentially  toward  I 


which  relate  the  variations  permis¬ 
sible  in  the  time  constants  of  the 
circuit  to  the  order  of  division  of  the 
stage.  Three  conditions  which  must 
be  satisfied  in  the  design  of  a  syn¬ 
chronized  multivibrator  to  allow  for 
the  above  variations  are  stated  and 
illustrated.  A  method  of  designing 
the  multivibrator  so  as  to  fulfill  these 
requirements  is  developed,  together 
with  a  practical  method  for  adjust¬ 
ing  the  amplitude  of  the  synchroniz¬ 
ing  voltage  to  the  calculated  optimum 
value.  The  application  of  either  posi¬ 
tive  or  negative  pulses  to  only  one 
tube  and  to  both  tubes  is  discussed. 
Percentage  variations  in  the  fre¬ 
quency  and  amplitude  of  the  synchro- 

*  List  of  symbols  Is  at  end  of  paper. 


both  synchronized  and  unsynchron¬ 
ized  multivibrators. 

G*R*ral  Maltivibrator  Considerations 

To  familiarize  the  reader  with  the 
author’s  concept  of  the  operation  of 
the  multivibrator,  a  preliminary  ex¬ 
planation  is  given.  The  multivibrator 
circuit  described  by  Abraham  and 
Bloch  consists  of  two  resistance-ca¬ 
pacitance  coupled  amplifier  stages 
with  the  output  of  each  stage  con¬ 
nected  to  the  input  of  the  other.  This 
is  illustrated  in  Fig.  1.0. 

If  V,  is  thought  of  as  a  switch 
which  closes  a  circuit  and  applies  a 
negative  step  of  voltage  to  terminal  2, 
it  is  a  simple  matter  to  write  the  equa¬ 
tion  that  describes  the  voltage  across 
Rti-  When  the  switch  closes,  the 


zero.  Finally  this  voltage  will  become 
less  negative  than  that  required  to 
prevent  the  fiow  of  current  in  Vi. 

Due  to  the  regenerative  action  of 
the  circuit,  an  infinitesimal  current 
through  will  be  rapidly  ampiUfied 
and  will  result,  according  to  the 
above  logic,  in  closing  switch  T„ 
thereby  applying  a  negative  step  of 
voltage  to  terminal  3.  When  this 
switch  closes,  it  simultaneously  opens 
switch  Vt,  i.e.,  the  plate  current  of  V, 
is  stopped.  Now  the  previous  cycle  of 
operations  is  repeated  with  the  func¬ 
tions  of  the  two  sections  of  the  cir¬ 
cuit  interchanged.  The  sum  of  the 
nonconducting  times  of  Vi  and  V, 
is  one  period  of  the  multivibrator 
frequency. 

It  is  apparent  that  the  natural  fre- 


FIG.  1.0 — This  Abraham  and  Bloch  multiTibraior  circuit  consists 
of  two  rnsistonco-capacitance  couplsd  ompliiisr  stages.  The  out¬ 


put  ol  each  stage  is  connected  to  the  input  of  the  other  stage. 
FIG.  1.1 — (below  at  right) — Basic  two-triode  multtribrotor  circuit 
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quency  of  the  MV  (multivibrator)  is  critical  grid  voltage  of  V,.  In  prac- 
determined  by  the  characteristics  of  tice,  the  internal  resistance  of  the 
the  tubes,  the  values  of  the  circuit  generator  is  not  zero.  Consequently, 
time  constants  and  the  magnitude  of  the  resistive  component  of  the  above  gible 
the  change  of  voltage  applied  to  these  time  constant  is  larger  than  R, 
time  constant  circuits  when  the  tubes  It  should  be  noted  that  secti 


ing  their  conduction  states.  The  pres¬ 
ent  paper  assumes  that  the  time  in¬ 
volved  in  these  changeovers  is  negli- 
comparison  with  the  MV 
period.  For  this  reason,  static  values 
of  plate  resistance  and  amplification 
change  from  the  nonconducting  to  would  continue  to  supply  the  step  of  factor  are  used  in  developing  equa- 
the  conducting  state.  voltage  indefinitely,  but  that  this  por-  tions  for  the  period  of  the  MV. 

tion  of  the  cycle  is  terminated  when  Referring  to  the  MV  circuit  of 


FIG.  1.4 — Plot  oi  Eq.  (1.2).  Starting  from  the  Tolue  — 

grid  Toltage  oi  V,  increases  exponentially  toward  sero 


FIG.  1.5 — Plot  oi  Eq.  (1.5a).  By  means  of  this  curre.  the  mnlti> 
Tihrator  can  be  designed  to  operate  at  a  giTen  noturod  frequency 
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Where  kg 


SC^OOOohrrs) 
to  I  meg.  I 


T|»time  during  which 
is  nonconducting 
Tube-6SN7-6T 


in  kiiohms 


FIG.  1.7 — the  second  bracket  In  the  expreielon  lor  k.  Is  OMiimed 
eqnol  to  It  ttien.  by  reading  from  Fig.  U.  orerage  Toloee  oi 
^  con  be  plotted  as  a  iunctlon  of  This  cnrre  Is  for  type 
I8N743T  In  the  ronge  of  150  to  250  rolts 

FIG.  U  (at  right) — ^For  a  glren  tube  type,  0,7^  corn  be  plotted  os 
a  function  of  B^.  This  type  of  curre  Amplifies  multf Tlbrotor  design 
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T|>  Tim*  during  which 
is  nonconducting 
Tub*.6SL7-GT 


Tube-6SL7-6T 

Colculote  after  choos¬ 
ing  ovolue  for  Rj|, 


60  80  iOO'  i20  140  160 

Rt2  Wlohtns 


!'-'a0  120 

Rif  In  Kilohms 


sidered  equal  to  unity.  Measured  average  values  for  type 
6SL7-GT  in  the  range  of  150  to  250  volts.  FIG.  1.12  (above  at 
right) — Similar  to  Fig.  1.9.  but  applicable  to  type  6SL7-GT  tubes 


FIG.  1.10 — A  method  of  plotting  the  information  necessary  to 
compute  the  value  of  k  as  a  function  of  in  cases  where  the 
value  of  the  second  bracket  in  the  expression  for  k  cannot  be  con- 


X  lie  eAuittiintiuii  i.ui  liiib  ib  Liini.  ii  ,  ,  n  ^  ^  rvst  ais  1.1.  s  • 

,  s  XV  I  s  /  J  I  n  tube.  If  then  fc,  is  very 

=  1,  then  fc,  =  l/fi„i  and  k^Ett  Ru  +  Ru 

=  i?**//!,,!  =  £’,,1.  It  is  apparent  from  nearly  equal  to  1/[1  +  (£**/£«)]. 

Eq.  (1.2)  and  Fig.  1.4  that  blocking  Since  £*  is  a  function  of  the  plate 

oscillations  cannot  be  maintained  for  current  through  the  tube,  it  will  de- 

The  curve  Values  of  fc,£*i  <  £«,i,  i.e.f  for  fc,  <  pend  upon  the  values  of  Rl  and  £**. 

l/|i„j.  Consequently,  fcs£*»  must  be  u  * 

greater  than  Thus  a  minimum  •asnremen  s 

value  for  £**  is  fixed  at  £„,/fc,.  If  The  measured  values  given  in  Fig. 
£*»,  and  £*»,  are  the  plate  supply  vol-  I-®  type  6SN7-GT  twin  triode  are 
tages  for  and  V,  respectively,  then  somewhat  lower  than  those  obtained 
£»*,  must  be  greater  than  and  from  static  characteristics  given  in 

£*„  must  be  greater  than  Fe.i/fc,.  data  books.  While  making  these 
(The  loop  gain  of  the  circuit  can  be  Plate  resistance  measurements,  Rt 
1  Z  0“  at  some  frequency  even  though  was  varied  from  50,000  ohms  to  1 
1.  The  chief  reason  for  this  is  megohm  with  essentially  no  change 
the  dynamic  value  of  ji  is  always  m  plate  resistance.  For  lower  values 
greater  than  \l„.  While  blocking  of  R4  the  plate  resistance  is  less  than 
oscillations  cannot  be  sustained  i'n  given  in  Fig  1.6.  The  decrease 
such  cases,  an  essentially  sinusoidal  m  for  £<  equal  to  zero  is  as  much 
output  voltage  will  be  obtained.)  fo  40  percent  of  the  values  on 

Figure  1.5  is  a  plot  of  Eq.  (1.5a).  Fig.  1.6  the  greater  percentage  de- 
For  a  given  fc,  and  /ic.i,  this  curve  creases  taking  place  at  the  higher 
gives  the  value  of  a^T,  at  which  the  values  of  Rl. 

tube  will  become  conducting.  Know-  From  the  information  on  Fig.  1.6, 
ing  a^Tu  the  value  of  required  to  the  value  of  fc  as  a  function  of  Rl  can 
keep  Vi  nonconducting  for  a  time  he  obtained.  Figure  1.7  is  such  a  plot 
T  can  be  calculated.  fo*’  the  type  6SN7-GT  tube.  Because 

The  portion  T,  of  the  MV  period  is  ^  vs.  Rl  varies  most  rapidly  for  val- 
calculated  by  using  Eq.(1.6).  ues  of  Rl  less  than  about  20,000 

j  ohms,  the  natural  frequency  of  the 

Tt  -  —  log,  [ki  M*«l  (1.6)  MV  will  change  more  for  a  given  per- 


FIG.  1.11 — Som*  os  Fig.  1.8,  but  applic¬ 
able  to  type  6SL7-GT  tubes, 
designated  M,,  is  useful  in  multiTibrator 
design 


Substituting  the  specific  values  — 
for  Eti  and  Tt  for  t,  (1,2)  becomes 
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centaffe  variation  of  Rl  in  this  range 
than  it  will  with  higher  values  of  Rl. 

Figure  1.9  is  a  plot  of  oiTi  vs.  Rvtiot 
0,7,  vs.  Rli)  for  type  6SN7-GT.  This 
curve  is  for  average  values  of 
for  various  tubes  and  values  in 
the  range  of  160  to  260  volts. 

The  ratio  Ett/E„  for  several  values 
of  plate  current  is  plotted  against  £'*» 
for  the  type  6SN7-GT  tube  in  Fig. 
1.8.  Variations  of  this  ratio  for  dif¬ 
ferent  tubes,  particularly  between 
different  brands,  were  as  great  as 
20  perceut  for  each  current  value 
plotted  on  this  figure.  The  average 
for  several  brands  of  tubes  is  shown. 
The  curve  for  0,06  microampere  of 
current  has  been  designated  /i„. 

For  a  given  tube  and  plate  supply 
voltage  there  is  a  corresponding 

value  of  fie,.  Also  if  Rn  »  -t 

a  given  Rl»  will  provide  a  definite 
value  of  Therefore,  when  a  tube 
and  plate  load  resistor  are  selected, 
the  value  of  is  fixed.  This  is 

sufficient  information  to  solve  for 
diTi  by  Eq.  (1.6a)  or  Fig.  1.6. 

Figures  1.10,  1.11  and  1.12  are 
curves  for  the  type  6SL7-GT  tube, 
similar  to  Figs.  1.7,  1.8  and  1.9  for 
the  type  6SN7-GT. 

The  only  assumption  that  has  been 
made  in  the  development  of  Eqs.  (1.1) 
through  (1.6)  is  that  Cm  charges  to 
Ett  during  the  time  Ti  (the  discharge 
time  of  Cm)  and  that  C*,  charges  to 
Ett  during  Tx.  Figure  1.13  is  the 
equivalent  charge  circuit  for  Cm  The 
time  constant  of  this  circuit  is 

A  steady-state  analysis  shows  that 
if  C„(Ba+jj**^-J--):?f  (1.9) 

and  if 

then  the  voltage  across  the  capacitors 
will  be  equal  to  or  greater  than  0.993 
E^t  at  the  ends  of  the  charging  inter¬ 
vals.  If  the  6  in  (1.9)  is  decreased 
to  2.6,  the  capacitor  voltage  will  be 
equal  to  or  greater  than  0.91E»». 

As  long  as  (1.9)  is  satisfied, 
Eqs.  (1.1)  through  (1.6)  are  accurate 
for  frequencies  at  which  the  shunt 
capacities  of  the  circuit  can  be 
neglected.  The  upper  frequency  limit 
is  influenced  by  the  same  factors  that 
determine  the  high-frequency  re¬ 
sponse  of  an  amplifier  stage.  (The 


FIG.  1.13 — Equivalent  charge  circuit  of 
Cm  iu  the  multivibrator  of  Fig.  1.1.  is 
nonconducting,  and  is  conducting 


effects  of  shunt  capacities  are  dis¬ 
cussed  later  in  this  paper.) 

Note  that  in  (1.9)  R4  is 
shunted  by  the  relatively  small  R,. 
A  reasonable  average  value  for  R,  in 
(1.9)  is  1600  ohms.  Therefore  R4 
can  be  increased  and  C*  decreased 
to  maintain  the  necessary  product 
CkR*  of  Eq.  (1.6a)  and  at  the  same 
time  satisfy  (1.9).  See  Appendix  I 
for  a  discussion  of  the  relative  im¬ 
portance  of  fully  satisfying  (1.9).* 


Tbo  Syachroniiing  Voltago 

Equations  relating  the  natural 
period  of  a  MV  to  the  characteristics 
of  the  tubes  and  associated  circuit 
parameters  have  been  developed  and 
discussed.  If  the  MV  is  to  be  uncon¬ 
trolled,  the  information  already  pro¬ 
vided  is  sufficient  to  complete  the  de¬ 
sign.  If  the  MV  is  to  be  synchronized 
with  a  controlling  frequency,  addi¬ 
tional  design  formulas  are  needed. 
Before  considering  the  synchroniz¬ 
ing  problem,  some  attention  will  be 
given  to  the  wave  form  of  the  syn¬ 
chronizing  voltage  and  the  point  of 
its  application  to  the  MV  stage. 

Of  the  three  common  wave  shapes, 
the  sine  wave,  the  square  wave  and 
the  impulse,  the  impulse  is  prefer¬ 
able  as  the  synchronizing  voltage  for 
several  reasons. 

Considering  first  the  case  of  the 
sine  wave,  any  variation  from  the 
nominal  values  of  the  time  constants 
will  result  in  a  variation  of  the 
phase  of  the  output  voltage  from  the 
MV.  The  reason  for  this  is  that  the 
sine  wave  requires  a  finite  time  to 
change  amplitude.  Mathematically, 

—  AE  exp  1^—  -f  E,  sin  u4  =  —  E„ 

(2.1) 


The  MV  will  synchronize  at  a  value 
of  time  just  greater  than  that  which 
satisfies  Eq.  (2.1).  From  this  equa¬ 
tion  it  is  apparent  that  any  variatiem 
of  Afi",  CR  or  E„  or  a  tube  with  a 
slightly  different  value  of  E„  will 
cause  a  change  in  the  time  at  which 
the  MV  synchronizes. 

For  the  case  of  rectangular-wave  I 
synchronizing  voltage  of  sufficient  I 
amplitude,  phase  variations  cannot  i 
occur  in  the  output  voltage.  However, 
due  to  the  time  duration  of  the 
square  wave,  the  percentage  decrease 
from  the  nominal  value  of  CR  that 
can  be  tolerated  without  the  MV  di¬ 
viding  by  a  smaller  number  is  less 
than  for  an  impulse  synchronizing 
voltage.  The  sine  wave  suffers  from 
this  disadvantage  to  a  considerable 
extent  also. 

With  an  impulse  synchronizing 
voltage  the  MV  is  given  only  a  mo¬ 
mentary  opportunity  to  trip.  If  it 
does  not  trip  on  a  given  impulse,  it 
will  wait  for  the  next  one.  (If  the 
MV  is  not  properly  designed,  it  is 
possible  that  its  natural  period  wiU 
lie  between  impulses.)  Thus  there  is 
no  possibility  of  phase  variations  in 
the  output  voltage. 


Applyiag  tk*  SyRckroNixing  Veltag*  to 
th«  MV 


The  synchronizing  voltage  can  be 
applied  in  the  grid,  plate  or  cathode 
circuit  of  either  tube  or  both  tubes  or 
in  any  combination  of  these  places.' 
If  both  polarities  of  synchronizing 
voltage  are  present  at  any  of  these 
points,  one  polarity  will  be  amplified 
by  the  tube  that  is  passing  current 
and  will  be  coupled  into  the  grid  cir¬ 
cuit  of  the  other  tube. 

Figure  2.1  illustrates  one  method 
of  applying  the  synchronizing  volt¬ 
age  to  a  MV.  The  synchronizing  volt¬ 
age  is  supplied,  in  proper  phase,  to 
the  grids  of  limiter  tubes  V,  and  V,. 
The  relation  between  «/>i  and  <f>.,  is 
determined  by  whether  each  tube  of 
the  MV  is  to  divide  by  an  integer  or 
an  integer  plus  a  fraction.  (This  is 
explained  later  in  conjunction  with 
Fig.  2.2.)  The  time  constants  of 
which  Cl  and  C,  are  parts  should  be 
small  as  compared  with  the  period  of 
the  synchronizing  wave.  This  will 


•  Two  examples  of  MV  rtosifn  precede  Ap¬ 
pendix  I. 


*  Wherever  the  aynchroulxing  voltage  Jh  ap¬ 
plied  to  the  circuit,  the  effect  of  the  imj>ed 
aace  of  the  synchronizing  voltage  generator 
upon  the  operation  of  the  MV'  should  be 
considered. 
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result  in  pulses  of  synchronizing 
voltage  being  applied  to  the  MV. 

In  the  circuit  of  Fig.  2.1  both  posi¬ 
tive  and  negative  synchronizing 
pulses  are  applied  to  the  MV.  Con¬ 
sider  the  portion  of  the  MV  cycle 
when  V,  is  “on”  and  V,  is  “off”.  V,  is 
supplying  positive  and  negative 
pulses  of  to  the  grid  of  V*.  At 

the  same  time  V4  supplies  both  posi¬ 
tive  and  negative  pulses  of  to 

the  grid  of  V,.  The  negative 
pulses  if  will  be  amplified 

and  inverted  in  Vi  and  coupled  into 
the  grid  circuit  of  Therefore,  two 
voltages  are  acting  to  synchronize 
V» — the  positive  pulses  of  and 

the  amplified,  inverted  negative  pulse 
of  E,^<l>t.  Under  these  conditions, 
E.L^t  is  almost  certain  to  take  con¬ 
trol  of  V,.  Similarly,  E,l4>x  will  con¬ 
trol  V,. 

Tk*  Ord«r  of  Divition 

Suppose  one  section  of  a  MV  is  to 
divide  the  synchronizing  frequency 
by  a  fraction,  r,  or  an  integral  num¬ 
ber  plus  a  fraction.  Then  the  order 
of  division  of  the  other  section  of 
the  MV  must  include  a  fraction 
(1  — r).  If  both  sections  of  the  MV 
are  to  be  synchronized  in  such  a  case, 
the  synchronizing  voltage  must  be 
supplied  to  the  two  tubes  in  different 
phases.  The  phase  difference  between 
the  two  voltages  must  be  where 
=  360r  deg.  (2.2) 

This  is  illustrated  in  Fig.  2.2.  At 
time  equal  to  zero  a  synchronizing 
pulse  causes  Vj  to  conduct.  Therefore, 
the  grid  voltage  of  V*  decreases  to 
Due  to  the  phase  difference 
between  the  two  synchronizing  volt¬ 
ages,  the  first  pulse  occurs  at  the 
grid  of  V,  at  time  equal  r//,.  The  ad¬ 
ditional  nonconducting  time  of  V* 
must  be  an  integral  number  of  peri¬ 
ods  of  the  synchronizing  wave.  On 
Fig.  2.2  four  periods  are  included. 
The  fifth  pulse  trips  V,. 

The  first  pulse  at  the  grid  of  Vi 
occurs  (1  —  r)//,  seconds  after  Vi 
becomes  non-conducting.  As  a  re¬ 
sult,  the  “off”  time  of  Vi  includes,  in 
addition  to  an  integral  number,  a 
fractions  ( 1  —  r)  of  the  period  of  the 
synchronizing  voltage.  Thus,  the  pe¬ 
riod  of  the  MV  includes  one  period 
of  the  synchronizing  wave  which  is 
contributed  partly  by  V,  and  partly 
by  V, 

\  If  synchronizing  voltage  is  sup¬ 


FIG.  2.1 — niiutroting  on*  method  of  applying  lynchronixing  Toltag*  to  a  multiTibrator 


FIG.  2.2 — A  phas*  diii*r*nc«  b*tw**n  the  synchronising  puls**  oppliod  to  the  two 
tube*  of  a  multiTibrator  adds  a  fraction  to  the  order  of  diTieion  of  each  tub*.  The  two 
fractions  are  always  complementary 


plied  to  both  tubes  in  the  same  phase, 
r  is  zero  and  each  tube  divides  by  an 
integer  only. 

It  should  be  noted  that  it  is  not 
necessary  to  use  push-pull  synchro¬ 
nization  with  every  MV  that  is  to  di¬ 
vide  by  an  odd  number.  The  only 
cases  for  which  two  phases  of  syn¬ 
chronizing  voltage  are  required  are 
those  for  which  r  has  a  value  other 
than  zero.  Consider  as  an  example  a 
MV  that  is  to  divide  by  seven.  If  a 
50/60  output  waveshape  is  needed, 
then  each  tube  must  divide  by  7/2  = 
3.5.  In  this  case  r  =  0.50,  so  push- 
pull  synchronization  is  required. 
However,  if  it  were  not  necessary  to 
provide  a  60/50  output  waveshape, 
then  one  tube  could  divide  by  four 
and  the  other  by  three.  Now  r  =  0 


and  the  synchronizing  voltage  mmt 
be  supplied  to  both  tubes  in  the  same 
phase.  Different  orders  of  division 
can  be  obtained  in  the  two  tubes 
either  by  using  a  different  value  of 
time  constant  with  each  tube  or  by 
supplying  a  different  amplitude  of 
synchronizing  voltage  to  each  tube. 
Both  of  these  methods  are  entirely 
feasible.  How  either  can  be  done  and 
still  maintain  optimum  synchroniz¬ 
ing  conditions  is  considered  later  in 
this  paper.* 

Suppose  a  MV  is  to  divide  by  an 
even  number,  say  6,  and  a  2  to  3  out¬ 
put  waveshape  is  wanted.  Then  one 


*  If  sinusoidal  synchronising  voltage  Is  used, 
the  statements  in  this  and  the  sucieeding 
paragraph  are  modified. 

{Continued  on  page  332) 
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Semi-automatic  equipment  per¬ 
mits  one  operator,  handling  two 
50- watt  tubes  at  a  time,  to  make 
all  necessary  checks.  Duplicate 
sockets  eliminate  waiting  during 
two-minute  warm-up  periods.  Se¬ 
quencing  interlocks  avoid  the 
possibility  of  skipped  tests 


CompUt*  tranamitting-tub*  tMtor.  Th«  tall 
choroctaristic  tMt  unit  at  th*  l*lt  hondlM 
two  tubos  at  onoo  whilo  oocb  of  tbo  two 
■mollor  oscillation  tost  sots  ot  tbo  right 
handlos  ono  tubs  ert  a  timo 
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Teatinff  Department 
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Transmitting  tubes  must  be 
tested  thoroughly,  accurately 
and  often  according  to  the  specifica¬ 
tions  of  both  the  manufacturer  and 
the  ultimate  user.  Tests  applied  to 
transmitting  tubes  are  varied,  but 
in  the  50-watt  family  the  following 
are  usually  made: 

The  filament  current  is  measured 
at  rated  voltage.  A  positive  grid-cur¬ 
rent  check  is  made  with  the  plate 
current  saturating  the  filament  emis¬ 
sion.  The  plate  characteristic  is  de¬ 
termined.  The  tube  is  subjected  to 
a  two-minute  run  at  more  than  rated 
plate  dissipation.  At  the  end  of  this 
run  the  reverse  grid  current  is  meas¬ 
ured,  giving  evidence  of  any  gas  that 
might  be  in  the  tube.  The  leakage 
resistance  is  measured  between  vari¬ 
ous  tube  elements  and  high  voltage 
is  applied  to  see  if  the  tube  breaks 
down.  The  tube  is  operated  in  a 
power  oscillator  circuit  and  its  useful 
output  is  measured.  The  filament 
emission  is  determined  by  measur- 
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switch  contoet  or  a  mognetic  si^ch 
contact  operoted  by  control  tv^h 


Ctioradcristio  set 


Block  diagram  of  tbo  tostor 


ing  the  filament  voltage  drop  neces¬ 
sary  to  reduce  the  output  by  a  cer¬ 
tain  amount. 

Obviously,  with  such  an  array  of 
tests  required  for  every  tube  (and 
sometimes  additional  tests  made  on 
about  every  100th  tube)  efficient 


testing  methods  are  absolutely  es¬ 
sential  to  maintenance  of  a  satisfac¬ 
tory  production  rate.  For  this  reason 
semi-automatic  testing  sets  have 
been  devised  and  these  have  been  in 
operation  for  several  months. 

Certain  measurements  follow  two- 
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for  Transmitting  Tube 


This  serves  as  a  basis  lation  test  sets,  each  handling  one  measured  brilliance,  hence  the  oscil- 
the  tests  into  two  tube  at  a  time.)  The  operator  works  lator  output  at  that  point,  is  known. 

back  and  forth  between  character-  Switching  the  lamp  into  the  60-cycle 
istic  test  set  and  oscillation  test  sets,  line  is  accomplished  by  means  of  a 
handling  two  tubes  at  a  time.  A  sep-  relay  controlled  by  a  snap  switch. 

Since  a  direct-current  filament  sup- 

tube  in  the  other  set,  bringing  each  of  the  two  tubes  under  test.  ply  is  desirable  on  the  character- 

_  ,  istic  test  set,  a  three-phase  copper- 

•tf  DMiqa  DafaiU  oxide  rectifier  is  used.  A  high-volt- 

The  oscillation  test  sets  each  con-  age  rectifier  supplies  the  normal  plate 

a  voltage,  and  a  low-voltage  rectifier 
1-  is  used  to  supply  grid  voltage  and 
a  low  plate  voltage  for  the  emission 
Specifically,  the  oscillation  output  phototube  reading  of  the  load-lamp  test.  High  vq)t^ge  for  the  break- 

brilliancy.  The  phototube  is  cali-  down  test  is  obtained  from  a  three- 

phase  3000-volt  transformer.  The  in¬ 
sulation-resistance  test  is  made  with 
a  conventional  resistance  meter  cir¬ 
cuit  operating  from  a  rectifier  on  one 
phase  of  the  3000-volt  transformer. 

The  various  voltages  are  selected 
and  applied  to  the  tubes  by  means  of 
contactors  which  are  controlled  by  a 
selector  switch  of  the  multiple-stage 
type.  Each  separate  test  has  a  posi¬ 
tion  on  the  control  switch,  and  in 
each  position  the  proper  contacts  on 
the  selector  switch  close  to  pick  up 
the  contactors  that  will  apply  the  de¬ 
sired  voltages.  Where  two  voltages 
are  needed  from  the  same  supply  for 
different  tests,  separate  controls  are 
used  for  each  voltage.  For  instance, 
two  filament  voltages  are  necessary, 
so  two  filament-dropping  resistances 
are  used  and  each  is  pre-set  to  the 
voltage  it  is  to  deliver.  When  one  or 
the  other  of  these  resistances  is  put 
into  the  circuit  by  the  selector  switch, 
the  pre-set  voltage  appears  at  the 
tube,  saving  the  operator  the  time 
necessary  to  go  from  one  voltage  to 
the  next  by  hand  adjustment.  The 
same  system  is  used  on  the  plate- 
voltage  supply,  the  grid-voltage  sup¬ 
ply,  etc.  The  operator  inserts  tubes 
with  the  switch  in  the  “off”  position 
and  takes  successive  tests  by  turning 
the  switch  from  one  position  to  the 
next,  taking  all  of  the  tests  in  one 
60-cycle  circuit  and  varying  the  ap-  complete  revolution, 
plied  voltage  until  its  output  is  com¬ 
parable  to  that  obtained  when  light-  S«q»*«e*  aad  Safety  Precaatiea* 

ing  the  lamp  with  radio-frequency  As  a  precaution  against  careless- 
power.  By  reading  a  wattmeter  in  ness  that  might  result  in  skipping  a 
the  60-cycle  circuit,  the  power  dis-  position,  and  to  insure  the  proper 

{ConHnned  on  page  S26) 


-i  oups.  A  separ 
for  each  group, 
is  on  a  two-mi: 

the  operator  can  take  measurements  arate  set  of  meters  is  provided  for 
on  a 

it  up  to  its  two-minute  run.  At  this 
ipoint  the  operator  returns  to  the  first 
tube.  This  dovetails  the  tests  into 

each  other  and  avoids  wasting  the  tain  a  Hartley-tjrpe  oscillator  with 
I  operator’s  time  during  the  two-  lamp  load.  The  output  of  the  osc: 
minute  runs.  lator  is  measured  by  means  of 
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sipated  by  the  lamp  to  produce  the 


ELFCTRONICS  — Jonsory  1944 


VISUAL  DIRECTION 


DRIVE  PIN 


Description  and  circuit  of  the  Bendix  Model  MN-31  automatic  direction  finder  for  air¬ 
craft,  which  automatically  provides  a  direct  indication  of  the  hearing  of  the  radio  station 
tuned  in  by  the  pilot.  A  self-synchronous  repeater  system  is  used  for  the  hearing  indicator 


By  DONALD  S.  BOND* 

Hadio  CorfioratioH  «/  ^Mcru-a,  Camden,  N.  J. 


BELOW:  Mschcmlcal  compsnaaiot  positionad  batwMit 
th«  motor-drlT*n  loop  and  tho  Autoayn  transndttor 


ABOVE:  Loop  hoiuinq  and  loop  bos* 


M^ny  of  the  principles  of  visual 
I  systems  described  in  the  two 
earlier  articles  of  this  series  are  em¬ 
ployed  in  the  MN-31  aircraft  auto¬ 
matic  direction  finder  built  by  Ben¬ 
dix  Aviation  Corporation.^:  This  unit 
is  designed  for  applications  in  which 
the  following  types  of  operation  are 
required:  (1)  Reception  (nondirec- 
tional)  of  either  modulated  or  un¬ 
modulated  signals;  (2)  Automatic 
direction  finding  (with  nondirec- 
tional  sense  antenna) ;  (3)  Loop  re¬ 
ception  and  aural  null  direction  find¬ 
ing  with  either  modulated  or  unmod¬ 
ulated  signals. 

The  system  is  of  the  self -orienting 
loop  type  like  the  RCA-Sperry  Mark 
I  system,  and  provides  automatically 
a  direct  indication  of  the  bearing  of 
the  radio  station  which  has  been 
tuned  in.  Various  models  are  avail¬ 
able,  differing  principally  in  the  fre¬ 
quency  coverage.  Typical  is  the 
equipment  for  covering  the  aircraft 
beacon,  the  marine  beacon  and  com¬ 
munication,  and  the  broadcast  bands 
in  three  ranges:  (1)  200-410  kc,  (2) 

tWebb,  W.  I.,  and  Essex.  G.  O..  The 
Automatic  Radio  Compau,  Aeronautical  En 
ftneering  Review,  1,  NoTember,  1942. 
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410-850  kc,  and  (3)  850-1760  kc. 
Other  models  cover  frequencies  down 
to  150  kc  and  may  substitute  com¬ 
munication  reception  in  the  range 
2200-4260  kc  or  2900-6000  kc  for  di¬ 
rection  finder  operation  on  band  3. 

Some  points  of  difference  may  be 
noted  in  comparison  with  the  Mark  I 
equipment.  The  bearing  indicator 
unit  is  not  mechanically  driven  from 
the  rotating  loop,  but  instead  in  the 
MN-31  it  is  electrically  controlled 
by  means  of  a  self-synchronous  re¬ 
peater  system  such  as  Selsjrn  or  Au- 
tosyn.  Several  such  indicators  may 
be  connected  to  the  transmitter  unit 
located  in  the  loop  assembly.  The 
motor  control  circuits  are  located  on 


CLAMPINQ  SCREW 


POINTER  SPRING 


CORRECTION  SCALE 


a  separate  chassis  rather  than  being 
part  of  the  receiver.  The  control  unit 
is  separate  from  the  bearing  indi¬ 
cator.  This  latter  arrangement  is 
often  of  advantage  when  installation 
space  in  the  cockpit  of  an  airplane  is 
at  a  premium.  There  is  no  provision 
in  the  MN-31  equipment  for  substi¬ 
tution  of  a  sense  loop  for  the  non- 
directional  antenna  under  precipita¬ 
tion  static  conditions  when  automatic 
operation  is  required. 

The  interconnection  diagram  of 
the  MN-31  automatic  direction  finder 
is  shown  in  Fig.  19,  and  the  various 


*  Tklt  mt/m  o/  fkna  arf/c/at  It  coadaued 
from  Ckoptar  Yl  of  tho  book  "Hodlo  Dkoc- 
floa  FIndon",  by  O.  S.  Bond,  to  bo  pobIMod 
by  kdcOraw-Hifl  Book  Co.,  Inc. 
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Fig.  19  (AboTe) — Interconnection  diagram 
of  Bendix  MN-31  automatic  direction  finder 


Photos  at  ieft:  Exterior  and  chassis  Tiews 
of  Bend'x  typl  MN-26  automotic  radio 
compass  receieer  for  the  MN-31  system 
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lajor  units  in  the  system  are  illus- 
liited  throughout  this  article.  The 
iiLiiit  is  given  in  Fig.  20,  for  equip¬ 
ment  serving  as  a  direction  finder  on 
wo  bands  (200-410  kc  and  550-1200 
kc)  and  as  an  airline  communication 
ineiver  on  the  third  band  (2900- 
•^Ooo  kc) .  Automatic  direction  finder 
i  t  ration  with  the  MN-31  equipment 
best  explained  by  taking  up  in  or- 
’er  the  receiver  circuits,  the  loop 
'Mitrol  circuit  and  the  bearing  indi- 
tiiir  system. 


be  seen  by  a  study  of  Fig.  20.  Oper¬ 
ation  of  the  circuit  will  be  considered 
for  the  lowest  band.  The  signal 
picked  up  by  the  shielded  loop  of  the 
MN-36A  unit  (upper  left  on  dia¬ 


gram)  is  fed  through  a  transmission 
cable  to  the  loop  circuit  transformer 
Ti  in  the  radio  compass  receiver 
unit.  This  transformer  in  turn 
couples  to  loop  amplifier  F,.  This  tube 
has  the  same  sort  of  reactive  plate 
load  as  in  the  apparatus  previously 
considered.  There  is  a  resultant  90- 
deg.  phase  shift  of  the  signal  be¬ 
tween  the  grid  of  Fi  and  the  grids  of 
the  following  balanced  modulator 
stage.  This  latter  consists  of  a  dou¬ 
ble  triode  V,  and  performs  the  func¬ 
tion  of  a  balanced  modulator.  The 
modulating  frequency  in  this  case  is 
48  cps. 

Because  of  a  different  type  of  mo- 


THIS  SERIES  OF  THREE  ARTICLES  INCLUDES: 

PART  I — Principles  of  automatic  and  right-left  types 
of  Tisuol  direction  finders.  Nov.  1943 
ELECTRONICS. 


R«eeiv«r  Cireaits 


PART  II — RCA-Sperry  Mark  I  automatic  direction  finder. 
Dec.  1943  ELECTRONICS. 


PART  III — Bendix  Model  MN-31  automatic  direction  * 
finder,  in  this  issue.  (Conclusion). 


Some  of  the  points  of  difference 
'  vveen  the  Bendix  MN-31  direction 
der  and  the  Mark  I  equipment  may 
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tor  control  circuit,  it  is  unnecessary 
to  furnish  power  for  the  loop  driving 
motor  from  this  a-c  source.  Accord¬ 
ingly,  the  48-cycle  oscillator  consists 
of  Vi  coupled  to  a  tuned  circuit  con¬ 
sisting  of  transformer  T*  and  capac¬ 
itor  Ct  in  the  MN-31A  automatic  loop 
control  unit. 

The  carrier-suppressed  double  side¬ 
band  output  of  the  loop  channel 


feeds  from  the  plate  of  F,  in  the  re¬ 
ceiver  in  push-pull  fashion  to  the 
corresponding  primary  of  antenna 
transformer  T*.  The  nondirectional 
antenna  is  coupled  to  the  other  pri¬ 
mary  of  r«,  since  under  conditions  of 
operation  as  an  automatic  direction 
finder  the  antenna  relay  REi  is  in  the 
normal  position  shown.  It  will  be 
noted  that  protective  neon  tubes 


NEt  and  NE,  are  connected  across 
the  grid  circuits  of  loop  and  antenna 
transformers  respectively  to  prevent 
damage  when  a  nearby  transmitter  is 
operated  at  or  near  the  receiver  fre¬ 
quency. 

The  r-f  amplifier  system  in  the 
MN-31  contains  two  tubes,  K  and  Vc 
The  total  number  of  tuned  circuits  is 
the  same  as  in  the  Mark  I,  but  the 
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Fig.  20— CompUt*  ichemotic  circuit  dia¬ 
gram  of  Bondlx  MN-31  automatic  dlroctloB 
findor 


latter  uses  a  so-called  link  coupled 
circuit  instead  of  the  additional  r-f 
amplifier  tube.  The  converter  or  first 
detector,  y„  is  driven  from  a  sepa¬ 
rate  oscillator  tube,  V^.  The  advantage 
i  of  the  separation  of  tube  functions  in 
this  stage  is  more  evident  on  the 
high-frequency  communication  band. 
The  intermediate  frequency  is  112.5 
kc.  Two  wave  traps  tuned  to  this  fre¬ 


quency  are  interposed  in  the  cathodes 
of  the  r-f  amplifier  tubes  to  reduce 
the  spurious  response  at  the  inter¬ 
mediate  frequency. 

The  i-f  amplifier  has  tube  V,  and 
two  double-tuned  transformers,  Tm 
and  Tu,  feeding  into  Fw  This  latter 
serves  as  detector,  automatic  volume 
control,  and  first  a-f  stage.  A  sep¬ 
arate  c-w  oscillator,  V»,  working  1  kc 


above  the  intermediate  frequency,  is 
provided  for  communication  recep¬ 
tion  with  unmodulated  waves.  The 
tube  may  be  turned  on  by  means  of  a 
control  on  the  operator’s  unit. 

The  audio  output  stage  consists  or¬ 
dinarily  of  Vn  feeding  into  one  or 
more  phone  channels.  In  case  dual 
output  is  desired  with  no  interaction 
of  one  channel  upon  the  other,  a  sup¬ 
plementary  pair  of  output  tubes  may 
be  used.  These  are  included  in  the 
automatic  loop  control  unit  and  are 
designated  as  and  V^.  A  dynamo- 
tor  serves  to  furnish  the  B  supply. 

As  in  the  Mark  I  system,  loop  over¬ 
load  control  is  secured  by  rectifica¬ 
tion  of  the  control  signal  by  the  diode 
of  Fu  and  connection  of  this  output 
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back  to  the  grid  return  of  amplifier 
Vi  in  the  loop  channel. 


Loop  Ceatrel  Circait 

Audio-frequency  signal  from  tht 
plate  of  V„  is  fed  to  the  compass  out¬ 
put  tube,  Transformer  is  con¬ 
nected  in  the  plate  circuit  of  this 
tube  and  is  tuned  to  the  modulating 
frequency  of  48  cycles.  It  thereby  re¬ 
jects  the  main  portion  of  speech  mod¬ 
ulating  frequencies  and  furnishes  a 
48-cycle  signal  of  reversing  phase  and 
variable  amplitude  to  the  input  of 
the  automatic  loop  control  unit.  This 
voltage  is  applied  through  push-pull 
transformer  Ti  to  the  grids  of  thy- 
ratron  tubes  Vi  and  V»  in  the  same 
manner  as  in  the  Mark  I  design.  The 
operation  of  the  motor  control  cir¬ 
cuit  is  rather  different,  however. 
The  simplified  schematic  diagram  of 
Fig.  21  will  illustrate  the  operation. 

Tt  and  T,  are  saturable  reactors 
connected  in  the  plate  circuits  of  the 
two  thyratrons.  The  d-c  windings 
carry  the  plate  current  whose  magni¬ 
tude  determines  the  impedance  meas¬ 
ured  across  the  a-c  windings,  Bi  and 
Bf.  Loop  motor  control  winding  Af W, 
becomes  effectively  connected  to 
either  terminal  of  400-cps  trans¬ 
former  Tt,  dependent  upon  the  im¬ 
pedance  presented  by  B,  or  B,. 

When  the  loop  is  at  the  null  posi¬ 
tion,  so  that  neither  Vi  nor  V,  are 
conducting,  reactors  T,  and  T,  pre¬ 
sent  high  impedance.  As  a  conse¬ 
quence,  there  is  then  no  current 
through  MWi.  This  is  illustrated  in 
Fig.  22(a).  But  when  the  loop  is  off 
the  null  position  in  one  direction,  so 
that  Vi  is  conducting,  current  flows 
from  the  appropriate  half  of  the  sec¬ 
ondary  of  Tt  through  and  phasing 
capacitor  C„  to  motor  winding  MWi. 
This  is  case  (b)  of  Fig.  22.  On  the 
other  hand,  when  the  phase  of  the 
48-cycle  voltage  is  reversed  with  re¬ 
spect  to  the  plate  supply  on  and 
it  is  Va  whose  impedance  becomes 
low,  and  a  current  from  the  400-cycle 
supply  of  opposite  phase  flows 
through  MWi.  This  is  shown  as  case 


To  radio 
CDfvpass 
und 


400cyc/e 

supply 


D-C  Supply 

Fig.  21 — Simpliiied  schematic  diagram  oi  loop  control  circuit.  Vt.  V> — throtron  tubos; 

— plot#  control  tube;  Yt — audio  osc.;  Ti — Input  tr.:  lu  Ti — soturablo  roactors: 
r«— 400-cyclo  tr.:  Tf — audio  osc.  tr.;  MWi — control  winding,  loop  motor;  MWi — Bx0d 
•sc.  winding,  loop  motor;  Cs.  Bi— cathode  lag  circuit;  Ct.  Cu — motor  phasing  capacitors 
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Fig.  22 — Currents  in  the  loop  control  circuit  for  three  different  loop  positions 


The  plates  of  Vx  and  V*  are  ex¬ 
cited  in  the  same  phase  from  a  48- 
cycle  supply  derived  from  trans¬ 
former  Tt  in  the  loop  control  unit. 
Plate  control  tube  V,  is  fed  from  this 
(Continued  on  page  202) 
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Fig.  23 — Simplified  circuit  of  phase  windings  of  Autosyn  transmitter  of  bearing 

indicator  system 
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Versatile  High  Power  for  Industrial  Research 


One  of  the  largest  power  supplies 
of  its  type  now  in  operation  in  this 
country  is  shown  in  the  photographs. 
It  can  provide  a  power  output  of  400 
kw  of  direct  current  and  allows  the 
voltage  output  to  be  varied  from 
3,000  to  80,000  volts.  This  gives  a 
flexible  range  useful  for  laboratory 
research  and  development  purposes 
and  the  unit  is  so  used  in  the  field 
of  electronic  heating  at  the  indus¬ 
trial  electronics  laboratory  of  the 
Federal  Telephone  and  Radio  Corp. 

The  high  power  supply  contains 
two  8-phase  full  wave  rectifiers  so 
arranged  that  their  high  voltage  out¬ 
puts  may  be  connected  either  in 
series  or  parallel.  Each  rectifier  con¬ 
sists  of  a  bank  of  six  Federal  type 
F-857-B  mercury  vapor  rectifier 
tubes  to  convert  60  cycle  alternating 
current  into  high  voltage  direct  cur¬ 
rent  for  generating  high  frequency 
power.  Each  tube  is  provided  with 
an  individual  air  stream  directed  at 
its  base  to  insure  proper  tempera¬ 
ture  for  the  condensation  of  mercury 
vapor  within  the  tube. 

The  rectifiers  are  supplied  by  a 
bank  of  three  high-voltage  trans¬ 
formers,  each  of  which  is  equipped 
with  two  secondary  windings  so  as 
to  make  possible  two  3-phase  wye 
connected  high  voltage  secondaries 
to  supply  the  two  3-phase  vacuum 
tube  rectifiers.  The  transformer 
secondary  windings  are  equipped 
with  safety  gaps  across  each  in¬ 
dividual  secondary  winding,  as  well 
as  from  each  secondary  winding  to 
ground.  All  high  voltage  connections 
between  the  transformer  bank  and 
the  rectifiers  are  individually 
shielded  from  each  other. 


The  primaries  of  the  three  trans¬ 
formers  are  so  arranged  that  they 
may  be  connected  either  in  wye  or 
delta.  This  connection  allows  the 
total  rectifier  to  operate  in  either  of 
two  ranges,  3,000-15,000  volts  d-c 
output,  or  13,500-30,000  volts  out¬ 
put.  The  voltage  may  be  varied  step- 
lessly  in  either  of  these  ranges  by 
means  of  a  80  percent  buck-and- 
boost  induction  voltage  regulator. 

The  switch  gear  associated  with 
the  high  power  voltage  power  supply 


Cooling  oi  high  powor  rectiiior  tubos  ii. 
proTidod  by  on  cdr  bloit  through  Iho  pip* 
bohind  ooch  tub*.  This  maintains  ths 
propor  tsmporaturo  for  condonsation  oi  tbs 
msrcury  Topor  in  ths  tubs 

includes  a  heavy  duty  contactor  in 
the  primary  of  the  transformer 
bank,  as  well  as  a  high-speed  circuit 
breaker  capable  of  disconnecting  the 
entire  power  supply  in  less  than  two 
cycles.  All  control  circuits  for  the 
rectifier  and  power  supply  are  con¬ 
tained  on  one  panel.  These  control 
circuits  run  between  two  complete 


A  powsr  Toult  contains  ths  high  Toltage  transformsrs  that  supply  ths  rsctiflsrs. 
Each  transiormsr  has  two  sscondory  windings,  protsctsd  by  saisty  gaps,  that 
psimit  two  3-phass  wys  connections.  High  Toltags  loads  betwesn  ths  trans¬ 
iormsr  bonk  and  ths  rsctiiisrs  are  indlTidually  shielded 


ISO 
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ELECTROLYTIC, 

F I LM  AND  PA  PER 

CAPACITORS 


A  TYPICAL  example  of  Mallory  progress  in  building 
components  is  this  BS  81  ''Bathtub”  Capacitor. 
Rated  at  8  mfd.  500  volts,  with  a  700  volt  surge,  it  is  her¬ 
metically  sealed  in  a  steel  case  measuring  only 
Its  -40®  C  impedance  at  120  cycles  runs 
as  low  as  220  ohms.  The  Capacitor  itself  has  been  thor¬ 
oughly  tested  in  war  service  from  the  arctic  to  the  tropics. 


In  addition  to  withstanding  great  extremes  of  tempera¬ 
ture,  the  double  sealing  and  extra  mechanical  strength 
of  this  Capacitor  protect  it  against  vibration,  humidity, 
atmospheric  pressure  and  corrosive  fumes.  It  is  avail¬ 
able  in  ratings  from  10  mfd.  25  volts  to  8  mfd.  500  volts, 
and  is  normally  supplied  with  two  side  terminals — and 
with  the  working  unit  insulated  from  the  case. 


Specilications  and  complete  test  data  on  all  Mallory  BS 
and  BT  Capacitors  are  listed,  with  other  heavy  duty 
units,  in  the  Mallory  catalog.  Send  for  a  copy  today. 
Write  direct  for  special  assistance  when  confronted 
with  unusual  problems,  or  see  your  Mallory  distributor. 


RR.  MALLORY  a  CO.. Inc 


P.  R.  MALLORY  &  CO.,  Inc.,  INDIANAPOLIS  6,  INDIANA 


Kerp  Faith  taith  tha 
Men  Who  Fight 
—  Buy  War  BontU 
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sets  of  terminal  boards,  one  of  which 
is  at  the  rectifier  control  panel  and 
the  other  is  located  in  the  power 
vault.  By  this  means  it  is  possible  to 
readily  change  or  adapt  the  control 
circuits  to  any  sequence  of  opera¬ 
tions  or  to  any  special  safety  or  func¬ 
tional  requirement. 

Candid  Camera  X-Rays 

A  CANDID  CAMEBA  X-ray  machine  for 
mass  production  technique  has  been 
developed  for  the  Navy.  Chest 
images  are  photographed  in  3/20 
sec.  on  35-mm  film,  a  radical  de¬ 
parture  from  the  usual  method  of 
producing  x-ray  pictures  on  standard 
14  by  17-inch  film.  Costs  are  reduced 
to  about  seven-eighths  of  a  cent  per 
exposure,  compared  with  nearly  $1 
for  the  larger  film. 

Loaded  with  enough  film  to  make 
86  exi)osures  before  reloading,  the 
camera  photographs  the  chest  image 
produced  on  a  fluoroscopic  screen  in 
front  of  the  person  being  examined. 
X-ray  pictures  made  on  the  larger 
film  require  reloading  the  camera 
with  film  after  each  exposure  and  re¬ 
sult  in  higher  cost  and  slower  produc¬ 
tion. 

With  the  miniature  film,  the  36 
exposures  are  developed  at  one  time 
and  the  resulting  pictures  are  ex¬ 
amined  in  an  electric  viewing  device. 
Technicians  then  determine  whether 


or  not  “suspect”  cases  should  be 
called  back  for  re-examination. 

One  of  the  candid  camera  units 
is  used  at  the  Naval  Training  School 
for  Women  Reserves  at  Hunter  Col¬ 
lege,  N.  Y.  and  has  examined  nearly 
20,000  WAVES  for  tuberculosis  and 
other  chest  conditions  since  last 
February.  The  machine  is  capable 
of  examining  2,000  persons  a  day 
and  employs  the  fastest  technique 
yet  developed  for  mass  x-ray  surveys, 
according  to  C.  V.  Aggers,  manager 
of  the  Westinghouse  x-ray  division. 
At  Hunter,  four  in  1,000  WAVES 
are  found  to  have  tuberculosis  and 
are  returned  home  for  treatment. 

Negative  Plate  Voltmeter 

A  HIGH-RESISTANCE  VOLTMETER  cap¬ 
able  of  measuring  negative  voltages 
as  high  as  5,000  volts  is  shown  in 
the  diagram.  The  voltage  to  be  meas¬ 
ured  is  applied  to  the  plate  of  a  211-D 
tube,  and  the  grid  of  the  tube  forms 
the  output  circuit.  Since  the  plate  is 
negative,  no  current  flow  takes  place 
in  this  circuit.  The  grid  is  main¬ 
tained  at  a  positive  potential  by  the 
power  supply  and  current  flow  in  this 
circuit  is  measured  on  the  milliam- 
meter.  Such  an  instrument  may  be 
called  an  “inverted  voltmeter”  as 
described  by  Terman,*  and  its  use 
in  Geiger  counter  work  for  measur¬ 


Circult  oi  electronic  Toltmeter  that  em- 
ployi  a  negotlTe  plerte  and  positlTe 
grid  ior  measurement  oi  high  negaflee 
potentials 

ing  high  negative  potentials  is  re¬ 
ported  by  M.  Kupferberg  in  the  Au¬ 
gust,  1943  issue  of  the  Review  of 
Scientific  Instruments. 

When  a  tube  is  used  in  this  man¬ 
ner  the  amplification  factor  is  about 
equal  to  the  reciprocal  of  the  normal 
amplification  factor.  The  transcon¬ 
ductance  is  small  and  large  changes 
in  plate  voltage  result  in  small 
changes  of  grid  current. 


NogotiTS  plate  Toltage  plotted  agoinit 
grid  current  ior  the  211*D.  The  curres 
may  be  used  ior  calibrating  the  ndlliom- 
meter  scale  in  rolts 

The  grid  current-plate  voltage 
curve  for  the  211-D  is  shown,  and  is 
practically  linear  from  600  to  5,000 
volts.  For  the  0-3,000  volt  range  the 
current  may  be  read  from  a  0-26  ma 
milliammeter,  or  a  direct-reading 
voltage  scale  may  be  used  on  the 
meter.  A  shunt  is  provided  across 
the  meter  to  increase  its  range  to  50 
ma  when  reading  5,000  volts.  Zero 
adjustment  is  accomplished  by  the 
variable  resistor  in  the  grid  circuit. 

At  6,000  volts  the  current  drain 
from  the  circuit  under  test  was 
found  to  be  10  *  ampere  and  from 
this  the  total  input  resistance  from 
plate  to  ground  was  found  to  be 
5x10*. 


At  •xtrsm*  lah  is  th*  minioturs  comsra  ossa  for  photo  fluorogrophy  ot  Huntsr 
CoUogo  in  oxomining  WAVES.  An  •xposnro  of  3/20  sac  is  mads  on  3S-mm 
film.  Pharmacist's  Mata  3C  Lillian  Halton  has  bar  chast  snoppad  by  tha 
x-roy  comara.  whila  Pharmacist's  Mata  2C  Louisa  Wamar  focusas  tha  rays 


IS2 


•  Terman,  F,  E.,  Proc.  IRE,  16.  447,  1928. 
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GUARDIAN0ELECTRIC 

1625-P  W.  WALNUT  STREET  CHICAGO  12,  ILLINOIS 
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'k  Wh«r«v«r  Hi*  typ«  of  tub*  is  usod,  gonorally  thoro's  a 

job  for  a  roloy  .  .  .  o  RELAY  by  GUARDIAN  ...  in  secondary 
and/or  primary  circuits  where  double  pole,  double  throw  **00 
and  off”  switching  is  desirable. 

Typical  of  such  a  relay  is  the  Guardian  Type  B-100.  This  dou¬ 
ble  pole,  double  throw  relay  is  equipped  with  silver  contact 
points  having  a  capacity  up  to  1500  watts,  60  cycle  noi^nduc- 
five  A  C;  and  In  A.C  primary  circuits  of  any  in<roctivq* power 
supply  delivering  up  to  and  including  1  Kw.  Standard  coils 
operate  on  50-60  cycle  A.C,  110  voHs,  consuming  approxi-' 
mately  814  VA.  Coils  available  for  other  voltages.  Write  for 
Bulletin  OF-112  showing  standard  relay  types. 


Electronic  rocHBcotion,  long  wood  to  convert 
A.C.  to  D.C.  power,  is  now  coming  into  use  to 
operate  variable  speed  D.C  motors  ...  bat¬ 
tery  chargers,  etc  In  such  applications.  Hie  ^ 
type  B-100  relay  shown  above  Is  ofton  used. 


'i'- 


for  special  applications 


Both  types  are  used  in  high  frequency  circuits 
where  a  capacity  ground  to  the  chassis  and 
a  "lead  through''  is  desired. 

The  ceramic  capacitor  tube  is  plated  internally 
and  externally  with  silver  and  then  with  cop¬ 
per.  The  tube  is  snug  fit  in  the  brass  bushing 
and  the  external  capacitor  plate  is  soldered 
to  the  bushing. 

In  types  817-001  and  817-002  the  tinned 
copper  wire  is  also  snug  fit  inside  the  capac¬ 
itor  tube  and  is  soldered  to  the  internal  plate. 


We  are  equipped  to  produce  other  sizes 
and  capacities  where  quantity  need 
justifies  the  tooling  of  special  parts. 


PRODUCERS  OF  VARIABLE  RESISTORS ...  SELEaOR  SWITCHES— CERAMIC 


CAPACITORS,  FIXED  AND  VARIABLE  ...  STEATITE  INSULATORS 


1 


C*ntradit«  it  particularly  r*comm*ncl«cl  for 
coil  forms  whoro  thormal  oxpansion  mutt  bo 
low  to  provont  unduo  chango  in  inductanco. 
At  20-600*C  thermal  coefficient  of  expan¬ 
sion  it  3.1  X  10~*  at  compared  to  8.3  x  10~* 
ot  20-800  *C  for  Steatite. 

Centradite  can  be  supplied  in  various  shapes 
by  extrusion  or  pressing. 

Centradite  due  to  its  resistance  to  heat  shock, 
lends  itself  to  o  new  process  of  soldering 
metal  to  ceramic,  whereby  the  ceramic  surface 
it  metallized  to  permit  soldering. 

We  invite  inquiries  regarding  the  future 
uses  which  may  fit  your  applications. 


BODY  NO.  400  DESCRIPTION  OF  MATERIAL 

20-100^  1.9KlO^Th«rmal  co*ffici*nt  of  oxpontien  por 
20-600  *C  3. 1 K 1 0~*  doeroo  Contigrado 

1 3,000  Ibt.  Modulus  of  rupluro  in  lbs.  por  sq.  in. 

S.4  Dioloctric  constant 

3.00  or  lots.  Dioloctric  loss  fcKtor 

Class  “13**  or  bottor  Grado por  Amorican Stand.  C  75.1 -1 943^ 

Zoro  to  .007  %  Porosity  or  moisturo  absorption 

Whito  Color  of  matorial 


LOW  THERMAL 
EXPANS&N 

HIGH  RESISTANCE 
TO  HEAT  SHOCK 


LOW  POROSITY 

I  *  r’ 

LOW  LOSS  FACTOR 


PRODUCERS  OF  VARIABLE  RESISTORS ...  SELEaOR  SWITCHES— CERAMIC 
CAPACITORS,  FIXED  AND  VARIABLE.  .  .STEATITE  INSULATORS 
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Crane  Stability  Gage 

Large  boom  cranes  that  lift  heavy 
sub-assemblies  for  warships  have 
booms  that  extend  over  100  feet  and 
exert  considerable  leverage  against 
their  mounts.  The  crane  operator, 
perched  in  a  cab  sixty  feet  high,  is 
constantly  conscious  of  the  danger 
of  the  crane  overturning  and  must 
carefully  adjust  his  controls. 


and  contains  the  lamp,  the  modula¬ 
tion  device?  color  filters,  transmit¬ 
ting  and  receiving  lenses,  the  photo¬ 
cell  and  its  amplifier.  Two  audio 
amplifiers,  one  for  transmitting  and 
one  for  receiving,  are  mounted  in  a 
separate  box  with  the  necessary  bat¬ 
teries. 

The  effective  range  of  the  ap¬ 
paratus  depends  largely  on  atmos¬ 
pheric  conditions,  but  five  miles  is 
about  the  average.  This  range  is 
considerably  decreased  in  rain,  and 
increased  when  the  atmosphere  is 
very  clear.  The  apparatus  was  not 
tested  in  fog,  but  it  is  assumed  that 
although  the  infrared  ray  will  to  a 
large  extent  penetrate  fog,  the  range 
is  considerably  reduced. 

Greater  distances  are  ];)ossible  if 
the  lamp  filament  is  keyed  by  a  push¬ 
button  provided.  This  provides  facil¬ 
ity  for  Morse  transmission,  but 
reception  must  be  visual. 

Transmitter 


Arrangement  of  prisms  and  lenses  in  Uw 
transmitter  for  light-beam  modulation.  A 
monitoring  STStem  for  checking  the  mode 
lotion  is  included 

tion.  Light  from  the  lamp-houst 
strikes  the  hypotenuse  side  of  & 
right-angle  prism.  The  light  beam  ii 
reversed  in  direction  by  two  internal 
reflections  of  the  prism.  The  other 
angles  of  the  prisms  are  not  quite 
45  deg,  so  that  at  the  point  of  first 
reflection  the  mean  angle  of  incidence 
is  approximately  the  critical  angl« 
a  4.8-volt  supply.  The  lamp  has  a  for  glass  and  air  media.  Unde; 
prefocused  filament  and  a  detachable  these  conditions,  partial  reflection 
holder.  The  lamp  house  contains  a  and  partial  refraction  take  place 
mirror  which  focuses  the  light  on  The  area  at  which  this  first  reflee 
the  modulator  unit.  tion  takes  place  is  a  small  rectangli 

After  modulation,  the  light  beam  measuring  3  by  li  mm,  the  surround 
passes  through  a  filter,  which  may  be  ing  glass  being  blackened, 
white,  red,  infrared,  or  diffused,  de-  An  armature,  consisting  of  a  fla 


H.  P.  Kuuhid.  of  G-E  gonoral  onglnooring 
laboratory,  points  to  tho  sofoty  limit  mark¬ 
ing  on  tho  died  of  tho  crono  staUlity  gogo 
ho  doTolopod 


To  eliminate  this  danger,  a  crane 
stability  gage,  shown  in  the  photo¬ 
graph,  has  been  developed  by  Gen¬ 
eral  Electric.  The  gage  provides  the 
operator  with  a  continuous  indica¬ 
tion  of  the  margin  of  safety  and  is 
arranged  to  stop  the  crane  automa¬ 
tically  if  the  boom  is  extended  too  far 
or  is  too  heavily  loaded. 


Nazi  Light-Beam  Telephone 

The  first  reported  practical  use  of 
communication  by  means  of  a  light- 
beam  has  been  disclosed  to  have  been 
made  by  the  German  Army  in  Libya. 
Equipment  of  this  type  was  captured 
in  the  Battle  of  Alamein  and  has 
been  examined  in  the  laboratories  of 
the  British  Royal  Co^s  of  Signals 
in  the  Middle  East.  The  equipment 
is  described  by  Capt.  D.  Gifford  Hull 
in  the  October,  1943  issue  of  Elec¬ 
tronic  Engineering^  (43-44  Shoe 
Lane,  London,  E.C.  4,  England).  A 
condensation  of  the  article  follows. 

The  German  apparatus  contains 
a  transmitter-receiver  head  which  re¬ 
sembles  an  oversize  pair  of  bin¬ 
oculars.  This  is  mounted  on  a  tripod 


Receive  Amp. 


Photocell  Amp. 


confro/ 


Microphone 


Eqidpmant  caphirod  from  tho  Gorman  Army  contoino  this  circuit  of  oloctronic 
omplifioro  for  transmitting  and  rocoiring  voico  signals  on  a  boom  of  light 
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NEW  STAR— Twenty-four  hours  a  day  .  .  .  seven  days  per  week,  right  through  the 
calendar!  That’s  been  the  pace  at  IRC  ever  since  war  was  in  the  rumor  stage.  During  the 
months  of  actual  combat,  while  we  couldn't  work  longer  hours,  we’ve  worked  succes¬ 
sively  harder  to  reach  the  seemingly  unattainable  quotas  established  for  us  by  those 
charged  with  supplying  our  Fighting  Forces.  That  we’ve  done  a  creditable  job  is  attested 
by  the  fact  that  our  Army-Navy  E  pennant  now  flies  a  second  white  star  ’’for  great  and 
continuing  contribution  to  the  cause  of  freedom.” 


ACKNOWLEDGEMENT-Despite  the  many  problems  of  wartime  construction 
and  procurement,  IRC’s  new  plant  was  equipped  and  ”in  production”  with  minimum 
difficulty.  To  commemorate  the  spirit  of  cooperation  which  made  this  achievement 
possible  and  to  give  credit  where  cr^it  is  due,  we’ve  prepared  a  booklet  entitled  ’’Report¬ 
ing  on  Plancor  No.  1666.”  A  copy  will  be  gladly  sent  to  interested  executives. 


INTERNATIONAL  RESISTANCE  COMPANY 

403  N.  Broad  Street  •  Philadelphia  8,  Pa. 


rrrcrrri: 

NEW  PLANT— To  meet  increased  demands  for  IRC  resistors  it  became  apparent  early 
last  year  that  a  new  IRC  Plant  was  the  only  solution.  From  the  blueprint  stage,  in 
January  of  ’43,  the  project  became  a  functioning  reality  by  Fall.  Now  both  great  plants 
are  turning  out  huge  quantities  of  resistance  devices  for  war  needs. 


small  rectangle  of  the  main  prism. 
As  the  armature  moves  in  accordance 
with  the  voice  currents,  so  the  prt^s- 
sure  of  the  small,  moving  prism 
against  the  large  prism  changes  in 
accordance  with  the  voice  currents. 


Pressure  Variation 


Since  the  small  prism  is  mounted 
close  to  the  axis  of  rotation  of  the 
armature,  its  travel  is  small,  but  its 
pressure  is  great.  Thus,  it  is  the 
pressure  of  the  small  prism  on  the 
large  one  that  alters,  not  so  much 
the  air  gap  between  the  two. 

If  these  two  glass  surfaces  were 
truly  optically  flat  and  in  perfect 
contact  there  would  be  no  change  of 
medium  at  this  point  and  no  internal 
reflection  would  take  place.  Hence, 
no  light  would  pass  through  the 
main  prism.  But  as  soon  as  the  con¬ 
tact  between  the  prisms  becomes 
imperfect,  a  change  of  light  media 
will  occur  and  internal  reflection 
will  result.  In  practice,  the  contact 
is  never  perfect;  in  fact,  for  all  pres¬ 
sures  of  the  prism,  most  of  the  light 
is  reflected.  But  the  varying  pres¬ 
sure  brings  about  a  varying  degree 
of  contact,  which,  in  its  turn,  varies 
the  amount  of  light  reflected  through 
the  main  prism.  This,  coupled  with 
the  fact  that  the  angle  of  incidence 
is  nearly  the  critical  angle,  makes 
the  modulator  a  relatively  efflcient 
device. 

A  device  is  incorporated  to  contrd 


(&«t  iMue  oi  OK  METHODS 
MW  rMdy  for  distributioa.  a-  < 

OK  METHODS  is  a  navr  28-pa4e  booklet  devoted 
to  passing  on  new  methods  or  shortcuts  lor  improving 
,  the  quality  of  or  speeding  up  the  assembly  of  electrical 
wires  and  connectors.  Well  illustrated— vrritten  in  simple 
terms— easy  to  understand— the  book  describes  actual 
tasted  operations,  tools,  machinery,  and  special  eqa4>* 
ment  developed  for  this  type  of  work. 

Sotoe  of  the  many  suggestioits  incorporated  in  the 
book  may  be  helpful  to  you  or  to  the  operators  in  your 
assembly  lines,  and  irour  suggestions  incorporated  in 
later  issues  of  OK  METHODS  may  help  speed  pro¬ 
duction  in  other  plants. 

The  exigencies  of  war 
demand  faster  produc¬ 
tion.  To  that  end— by  pro¬ 
viding  an  interchange  of 
ideas-OK  METHODS 
has  been  conceived  and 
dedicated.  Send  coupon. 
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•  •  •  Throat  JMierophones 

Sounds  transmitted  through  the  throat  present  different  problems  in  microphone  design 
than  sounds  transmitted  through  the  mouth.  For  better  design,  correlation  had  to  be  established 
f>etween  throat  vibrations  and  sounds  transmitted  by  the  mouth.  To  do  this,  special  throat  microphones 
having  constant  acceleration  characteristics  were  developed  for  use  in  conjunction  with  laboratory 
Standard  microphones  and  frequency  analyzers.  Experiments  covered  the  frequency  range  of  speech 
sounds  and  tests  included  a  variety  of  callers  to  study  the  effect  of  the  thickness  of  throat  tissues. 
Shure  Research  has  produced  a  throat  microphone  that  has  been  declared  definitely  superior.  It  is  the 
land  of  research  that  assures  you  the  superior  microphones  of  tomorrow. 
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the  quiescent,  no-signal  pressure  of 
contact.  The  operator  adjusts  this  to 
give  maximum  sensitivity  and  min¬ 
imum  distortion.  It  controls,  to  some 
extent,  the  direction  of  modulation. 
It  is  paradoxical  to  say  that  overall 
upward  modulation  takes  place,  if 
one  is  considering  the  amount  of 
light  that  enters  the  prism;  but  with 
respect  to  the  quiescent  light  level 
leaving  the  prism  (i.e.,  taking  into 
account  the  amount  lost  at  the  first 
reflection  for  zero  signal)  it  appears 
that  upward  and  downward  modula¬ 
tion  does  occur. 

No  attempt  has  been  made  to 
'  measure  the  depth  of  modulation,  but 
if  the  instrument  is  operated  on 
white  light,  and  an  observer  stands 
in  the  beam,  a  very  marked  flicker 
is  noted  when  the  operator  speaks. 

The  sending  amplifier  normally 
uses  but  one  triode-connected  tube. 
This  is  fed  by  the  microphone,  and 
the  anode  is  parallel  fed,  the  anode 
load  being  the  armature  coils  of  the 
modulator. 


Receiving  System 


The  modulated,  filtered  light 
(white,  red  or  infrared),  is  picked 
up  on  the  80-mm  lens  of  the  receiver 
and  focused  on  to  the  photocell,  lo¬ 
cated  at  the  back  of  the  head.  The 
photocell  changes  in  electric  potential 
are  amplified  by  the  one-stage  photo¬ 
cell  amplifier,  located  within  the 
head.  The  audio  output  is  fed  by  a 
cable  to  the  main  receiving  amplifier. 

The  vacuum  tubes  are  standard 
German  Army  high-gain,  directly 
heated  pentodes,  R.V.2P.800  and  re¬ 
semble  the  British  catkin  type.  They 
are  mounted  upside  down  in  a  tub¬ 
ular  holder,  being  supported  at  both 
ends.  The  photocell  amplifier  is  con¬ 
ventional  ;  the  cell  receives  a  positive 
voltage  by  means  of  a  high-resistance 
potentiometer  from  the  d-c  line.  The 
anode  circuit  has  a  resistance-ca¬ 
pacitance  network  that  attenuates  at 
about  4,000  cps,  the  purpose  being 
presumably  to  minimize  photocell 
hiss. 

This  amplifier  uses  two  tubes 
in  cascade,  resistance-capacitance 
coupled,  and  the  last  valve  is  triode- 
connected  to  secure  a  low  impedance 
for  the  phones.  The  output  is  also 
taken  to  the  telephone  bridge  input 
circuit. 

The  send-receive  switch  normally 
switches  on  the  appropriate  ampli¬ 
fier,  and  thus  duplex  operating  is  not 


Perhaps  the  most  amazing  fact  about  the  new  electronic  con¬ 
trols  is  that,  with  impulses  lighter  than  the  flip  of  a  butterfly's 
wing,  they  can  coordinate  a  mechanism  as  complex  and 
massive  as  a  battleship.  It  is  the  new  combination  of  super¬ 
sensitive  control  and  immense  energy  that  opens  the  way 
to  a  postwar  age  of  industrial  miracles. 

Stancor  transformers  are  now  being  built  to  regulate 
electronic  energy  for  control  systems  used  in  war;  but  Stancor 
engineers  are  burning  the  midnight  oil  to  think  ahead  to 
peace-time  problems  of  industrial  control.  When  victory  dawns 
they  will  have  a  full  quota  of  practical  developments  to 
contribute  to  the  problems  of  industry. 


January  1944  —  ELECTRONICS 


Here’s  Your  Answer 
TO  THE 

CABINET  PROBLEM 


For  neatness,  strength,  light  weight, 
and  ease  of  assembly,  investigate  this 
proved,  easy  method  of  building  cabi¬ 
nets  and  housings  for  your  electrical,  ‘ 
radio,  and  electronic  equipment. 

Lindsay  Structure  assemblies  can  help 
you  speed  up  your  production  of  cabi¬ 
nets  and  housings  at  once.  With  Lind¬ 
say  Structure  no  tooling  up  is  necessary 
—  no  special  machinery  is  required. 
No  riveting,  no  welding,  no  waste. 

It’s  easy  to  order  Lindsay  Structure 
units.  You  merely  furnish  specifica¬ 
tions,  and  a  complete  assembly  —  panel 
sheets,  framing  members,  fittings,  all 
die-formed,  die-cut,  die-rolled  to  exact 
dimensions— is  shipped  to  you  knocked 
down  and  ready  to  put  together  in  your 
factory  or  on  the  spot* 

Lindsay  Structure  engineers  will  give 
you  immediate  service  on  your  pilot 
jobs.  Send  your  blueprints  to  Lindsay 
and  Lindsay,  222-D  West  Adams  Street, 
Chicago  6,  Illinois;  or  60  East  42nd 
Street,  New  York  17,  New  York. 


Lindsay  Structure  method  of  assembly. 
Only  simple  tools  are  necessary. 


INDSAT 

Is  STRUCTURE 

Lhbb  U.  S.  Patants  2017629.  2263510,  2263511 


U.  S.  Patants  2017629,  2263510,  2263511 
U.  S.  and  Foraign  Patanh  and  Patanli  Ponding 
for  dotolh,  too  Swoot'i  Catalog  FUo 
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A 


LTEC  LANSING  designs,  engineers 


and  manufactures  loud  speakers,  audio  and 


power  amplifiers  and  transformers  to  unusual 


and  exact  specifications,  -tr  "t?  -tr  -tr 


Altec  Lansing  factories  ore  supplying  the 


Army,  the  Navy  and  various  American 


plants  with  vitally  needed  war  equipment. 


possible.  For  the  purpose  of  workinj 
into  a  telephone  line,  the  switch  ii 
turned  to  “Telephone,”  and  thu 
places  the  bridge  circuit  in  the  sender 
amplifier  input  and  in  the  receiver 
amplifier  output.  The  bridge  is  hal- 
anced,  to  prevent  acoustic  feedback 
over  the  entire  system.  The  bridge 
input  circuit  attenuates  the  micro¬ 
phone  current,  so  in  this  condition 
the  switch  puts  another  tube  in  the 
sender  amplifier  circuit  to  comiienj 
sate  for  the  loss. 

The  audio-frequency  response  oil 
both  amplifiers  falls  off  commenoingj 
just  below  mean  voice  frequency  so| 
that  attenuation  at  300  cps  and  belon 
is  very  high.  This  feature  is  very| 
useful  in  that  it  minimizes  low-fre 
quency  flutter  due  to  hot  air  current 
rising  from  the  ground  in  the  optic 
path. 

Photocell 

The  photocell  is  small  in  s 
resembling  a  button  about  one  i 
in  diameter.  It  is  of  the  “Thalo 
type,  and  changes  its  resistance  in  m< 
cordance  with  variations  of  light  ii 
tensity.  The  cell  is  very  sensitive 
red  and  infrared  light,  and  a  built-: 
red  filter  is  incorporated.  The  out 
put  of  the  cell  is  in  the  order  of  om 
na  per  lumen.  The  polarizing  voltag 
is  taken  from  the  d-c  line  via  a  hig 
resistance  potentiometer,  and  abou 
30  volts  is  applied  to  the  cell.  Tb 
output  of  the  cell  is  applied  to  th 
amplifier  through  a  lOO-ju/xf  capacitoi 
which,  together  with  the  10-megohn 
grid  resistor,  affords  considerabli 
attenuation  at  low  frequencies. 


L  A  N  S  I  A  Ii 

COR  P  O  R  A  T  I  O  N 
1210  TAFT  BUILDING 
HOLLYWOOD  28.  CALIFORNIA 


1  System 

A  telescope  is  used  to  align  th( 
station, to  the  distant  terminal,  aii( 
also  as  a  monitoring  device  to  checi 
the  action  of  the  modulation.  Th( 
hypotenuse  side  of  the  smaller  prisn 
has  a  clear  space  on  it,  which  i 
placed  close  to  another  prism,  whici 
carries  the  light  into  the  eye-piec 
of  the  telescope,  being  suitably  fo 
cu.sed  by  a  small  lens.  The  light  tha 
is  lost  at  the  first  reflection  of  th 
main  prism  is  passed  on  to  th 
smaller  moving  prism.  This  light  i 
in  turn  passed  on  to  the  eye-piec« 
The  contact  surface  of  the  movin 
prism  has  a  small  grid  mesh  etche 
on  it  (not  for  the  purpose  of  afft  ctin 
the  contact  surface)  and  it  is  th 
image  of  this  grid  which  appears  i 
the  eye-piece.  The  image  of  this  gri 
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RCA  10  KW  FM  Transmitter  in¬ 
stalled  by  NBC,  New  York.  Before 
the  war  RCA  installed  five  of  these* 
Type  FM-IO-B  Transmitters  .  .  . 
making  them  by  far  the  favorite  in 
this  important  power  group. 


TRAMSMITTERS  raET  UK 


Th«  10  KW  FM  TroAtinRlM'  shown  Mow  looks  iiko  o  do  luxo 
broodcast  tronsmlfffi’. '  . 

^  It  should.  ^  iu.'"  :a 


Liko  oil  RCA  FM  Transmiltors,  H  is  fiuilf\h>  Hto  high  stondords  of 
tho  host  AM  Transmittors...RCA  quolity^^  stondords  which  brood- 
cost  onginoors  kn5w  ond  opprecioto. 

It  is  built  tho  way  broodcost  onginoors  wont 

It  incorporohit  such  provun  RCA  fMturuTos  front  ocf 
vortical  chassis  construction,  ond  styilzod  dosign. 


A  yroph  of  curront  plotted  agcdnst  frequency,  made  on  a  faulty  line.  The 
current  peaks  ore  the  result  of  the  reflected  wore  returning  to  the  source  ot 
Tarious  phase  angles  as  the  frequency  applied  to  the  line  is  varied  from  100  to 

100.000  cycles 


becomes  brighter  and  duller  with 
modulation.  In  practice,  it  is  noted 
that  only  on  peak  modulation  does 
the  grid  image  appreciably  change 
in  intensity.  This  monitoring  system 
is  entirely  visual,  and  gives  no  indi¬ 
cation  as  to  the  quality  of  the  trans¬ 
mission.  It  is  complementary  to  the 
true  modulation,  being,  as  it  were, 
“inside  out.” 

Power  Line  Fault  Loeator 

By  W.  H.  Blankmeyer 

The  Montana  Poicer  Vo. 

Butte,  Montana 

An  Electronic  fault  locator,  for  use 
cn  long-distance  overhead  transmis¬ 
sion  lines,  traces  and  locates  open  cir¬ 
cuits  or  short  circuits  in  a  few  min¬ 
utes,  an  operation  that  might  take 
many  hours  by  ordinary  methods. 
The  accuracy  is  normally  well  within 
two  percent. 

The  instrument  was  designed  by 
J.  E.  Allen  and  G.  J.  Gross  and  de¬ 
pends  upon  two  factor^  for  operation, 
the  reflection  of  a  signal  from  an 
impedance  irregularity  in  the  line 
and  the  phase  shift  of  the  signal 
along  the  line  between  the  test  point 
and  the  irregularity. 

The  signal  or  testing  power  is  a-c 
which  is  variable  in  frequency  from 
100  to  100,000  cps.  The  signal  current 
is  applied  to  the  line  and  is  recorded 
as  the  frequency  is  steadily  changed 
in  one  direction.  The  recorded  cur¬ 
rent  will  have  a  series  of  peaks  sep¬ 
arated  by  a  constant  frequency  dif¬ 
ference.  It  is  this  frequency  differ¬ 
ence  by  which  the  distance  to  the 
fault  or  impedance  irregularity  is 
calculated. 

The  current  peaks  are  the  result 
of  the  reflected  wave  returning  to  the 
source  at  various  phase  angles  as  the 
frequency  is  varied.  At  some  fre- 
j  quencies  the  reflected  wave  will  be 
I  out  of  phase  and  at  other  frequencies 
j  in  phase  with  the  signal  source.  This 
j  causes  a  corresponding  variation  of 
impedance  and  similar  changes  in 


Eloctronic  tronsmiMion  lln*  fault  locator 
for  dotonnining  tho  diitonco  of  short*  or 
opons  from  th*  powsr  plant 

the  current  fed  to  the  line.  Regard¬ 
less  of  the  nature  of  the  line  fault, 
the  current  peaks  are  spaced  equally 
over  the  frequency  range.  The  nature 
of  the  fault  determines  the  fre¬ 
quency  at  which  the  first  current 
peak  occurs.  After  that  the  spacing  ^ 
is  the  same  for  all  faults  at  a  given 
distance  from  the  test  point. 

Interpreting  Graph 

The  graph  shown  is  a  current- 
versus-frequency  recording  made  on 
a  faulty  line.  The  first  current  peak 
occurred  at  3.2  kc.  There  are  40  cur-^ 
rent  peaks  (maximum  current  down¬ 
ward)  between  3.2  kc  and  98  kc.  The 
spacing  between  peaks  is  then  98,- 
000  -  3200/40  =  2370  cycles.  The 
distance  to  the  fault  is  determined 
by  the  relationship  L=  V/F,  where  ^ 
X  equals  distance  in  miles  to  the  fault. 
V  equals  velocity  of  propagation  in 
miles  per  second,  and  F  equals  fre¬ 
quency  difference  between  successive 
current  nodes  in  cps. 

In  power  system  work,  distances 
on  transmission  lines  are  expressed' 
in  tower  numbers  instead  of  in  miles. 
Consequently  for  better  use  of  the 
locator  the  tower  numbers  for  each 
line  are  previously  plotted  against 
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The  oil  resistance  of  Durez  phenolic 
plastics  is  another  asset  for  the  engineer- 
designer.  Among  thermosetting  plastics, 
phenolics  are  better  suited  to  oil  sur¬ 
roundings  than  any  material  yet  devel¬ 
oped.  Our  own  data,  which  we  should 
like  to  send  you,  shows  that  Durez  has 
a  particularly  high  rating  on  this  score. 

We  have  referred  you  to  the  four  char¬ 
acteristics  which  are*  responsible  for 
the  electrical  industry’s  successful  use 
of  the  Durez  materials  during  the  last 
twenty  years.  Of  course,  other  essen¬ 
tial  properties  have  played  their  part  in 
adding  to  the  preference  for  Durez. 

We  hope  you  are  far  enough  ahead  in 
your  thinking  on  after-the-war  produc¬ 
tion  to  want  to  know  more  about  what 
your  molder  can  do  with  Durez  com¬ 
pounds.  Talk  it  over  with  him,  or  write 
us  direct.  We’ll  start  the  ball  rolling. 
Working  with  you  and  your  molder,  we 
perhaps  can  bring  the  blueprints  a  few 
they  have  a  defkiite  advantage  in  ex-  steps  closer  to  actuality.  I>urez  Plastics 
hibiting  greater  durability.  Laboratory  &  Chemicals,  Inc.,  81  Walck  Road,  N. 
data  and  years  of  performance  records  Tonawanda,  New  York, 
show  that  Durez 
compounds  result 
in  tight-fitting 
connections  which 
sf<jy  li^ht.  Dimen¬ 
sional  stability  a- 
gainst  high  heats 
and  cold  flow  usu¬ 
ally  makes  a  strong 
^case  for  Durez. 

Durez  offers  the 
electrical  engineer 
marked  versatility 
when  it  comes^to 
electrical  proper¬ 
ties.  It  is  almost 
a  “tailored-to- 


Why  we  put  the  first  sentence 

IN  BOLD  TYPE 


Durez  plastic  materials 
are  of  the  phenolic 
group,  which 
is  thermosetting. 


Our  laboratory  men  explain  it  is  that 
fact  which  makes  it  the  most  widely 
used  type  of  rigid  plastic  material  in 
the  electrical  industry.  That’s  an  im¬ 
portant  statement  for  the  man  who’s 
searching  for  improved  materials  or 
who’s  at  the  blueprint  stage  with  plastic 
parts  for  post-war  products.  That’s  why 
we  put  the  first  sentence  in  bold  type. 

Because  Durez  is  a  thermosetting  plas¬ 
tic,  it  has  inherent  dimensional  stability 
even  in  the  presence  of  high  tempera¬ 
tures.  With  Durez  compounds  heat 
resistance  at  300"  F.  is  common,  while 
special  Durez  series  are  produced  ,  for 
heat  up  to  500"  F. 

Although  phenolic  resins  share  this 
heat-resisting  characteristic  with  other 
compounds  of  the  thermosetting  group, 


ORGANIC 

FILIER 


MINERAL  COMMNATION 
nUER  - 


HUER 


Specific  Gravity 


StrMigtti  Lb* 


6000-8000  4000-6500  5000-6500 


Cowpfttiv  Stf n9H»  FSI  25000-30000  19000-28000  25000-26000 


PUxwfol  Str.wo»h  PSI  9500-11000  7500-1050Q  8500-10500 


Impact  Strangth 


(ASTM)  liod 


Wat*r  Abtorptioii 


(%)  24-hottt 
lmm>r«ien  (ASTM) 


Oi«l*ctrie  $tr*figth 


300-550 


>t«l*ctric  Comtant  (RT) 


10*  cyelg* 


Powmr  Factor  (RT) 


measure  proposi¬ 
tion  because  a  wide  range  of  fillers  can 
be  used.  Arc  resistance,  low  loss  factors, 
high  dielectric  strength  or  any  other 
electrical  property  can  be  readily  ex¬ 
tended  for  a  particular  application. 
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JbfoDtfy  cim/ifi 


■Oscilloter 


lAmplifKr 


^Low  voltage 
orreeter 


“...  a  SIMPLE  mechanism, 
using  a  photocell  .  •  ■  ■  ” 


Popwlor  tMogasiiM  artieUt,  apMlc* 
ing  of  Hm  wondort  of  mooM  in> 
ilTMWwIi,  ofton  imply  that  any* 
thing  with  a  photocoll  it  eom- 


plicatod.  Actwaliy,  Luxtron* 
Photocollt  simplify  tho  cifcwHt 
and  oporotion  of  oquipmont.  For 
instance: 


LEITZ  PIOTO-ELECTRIC  COLORIMETER 

sp—dt,  simpUfms,  and  giVos  new  accuracy 
to  a  muhitudo  of  bio-ckomical  fasts. 


Each  instrument  it  individually  pre* 
calibrated  for  36  different  tests.  A 
revolving  filter  disk  it  permanently 
installeo,  simplifying  filter  changes. 
Light  intensity  can  be  varied  by 
operating  a  'unique  "light  valve.  ’ 
All  you  do  to  complete  a  test  with 
the  Leitx  Photo*EieclTic  Colorimeter 
it:  1.  With  o  cell  containing  dis¬ 
tilled  water  inserted,  set  the  inwcotor 
at  100.  2.  Replace  the  dMiled 
water  cell  with  one  containing  the 
unknown,  then  note  the  new  reo^g. 
3.  Refer  the  new  reoding  to  the  in¬ 
strument's  calibration  table  for  the 
exact  concentration  of  unknown. 
For  further  information  on  thb  useful 
instrument,  write  direct  to  E.  Leitz, 
Inc.,  730  Fifth  Avenue,  New  York 
19,  N.  Y. 


Tlw  Lsiit  Celor* 

iawtar  mm  e  Laatroii*  pfcoie 
c*N,  of  wMck  Lvilt  lUwolw 

MVfC 

toiielly  UaM  and  Mtfom 

i-t— S.  - 

viioiwiwfMuigiwe*  m  mvii 

UNvily  in  tlw  rane*  of  dMit 
wevo  Kooetlu  of  tfco  reocUve 
b  e  doiolto  odvuolato  to 
eooy  colorioMUic  dofomdo* 

•liOM$  .  . 

Loafeoo*  pkolocolh  dovoloe 
saf^idasiS  casraaS  f^rr  ^tlrocr 

OpCfOtloll  9§  IfMiFVflIMMS 
MAiMv#  f^loys  wItiMfirt 


m^k  Of. 


B  U  D  L  E  y 

LABORATORIES,  INC, 

82  Meadow  Street.  New  Haven  10,  Conn. 


Circuit  arrangement  ol  the  units  forming 
the  line-fault  locator.  Care  was  token  to 
protect  the  operator  and  the  equipment 
from  surges  resulting  from  lightning  or 
Induction  from  porallel  lines 

frequency  so  that  less  time  is  con¬ 
sumed  in  calculations.  This  aids  in 
speeding  the  repair  crew  on  their 
way  to  the  break. 

The  case  of  trouble  as  recorded  by 
the  locator  in  the  graph  proved  to  be 
a  broken  conductor  lyipg  on  the 
ground  between  tower  391  and  392. 
The  break  was  caused  by  snow  piling 
on  the  conductor. 

* 

Speed  of  Propagation 

The  propagation  constant  is  cal¬ 
culated  by  applying  artificial  faults 
to  the  line  at  known  distances  from 
the  test  points.  It  was  found  that  the 
propagation  constant  is  not  the  same 
on  all  lines.  The  figure  varies  be¬ 
tween  181,000  and  183,000  miles  per 
second. 

The  diagram  shows  the  main  com¬ 
ponents  used  in  the  fault  locator. 

It  consists  essentially  of  a  beat  fre¬ 
quency  oscillator,  amplifier  and 
power  supply,  graphic  milliammeter 
with  rectifier,  output  transformer, 
protective  apparatus  and  connecting 
cables. 

The  oscillator  is  the  beat  frequency- 
type  having  a  frequency  range  of  100 
to  100,000  cps  and  has  an  output  of 
about  4  watts.  The  amplifier  uses 
two  50-watt  tubes  in  push-pull. 

The  recording  milliammeter  has  a 
range  of  0-5  ma.  An  84  tube  is  used 
to  rectify  the  signal  voltage  for  the 
d-c  instrument.  The  recording  mech¬ 
anism  of  the  milliammeter  is  mechan¬ 
ically  coupled  to  the  frequency  con¬ 
trol  on  the  oscillator.  In  this  way  the 
current  is  automatically  plotted 
against  the  frequency. 
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FACSIMILE— TODAY  AND  TOMORROW 


Just  off  the  press  is  this  interesting  24«page  booklet  describing  in  detail  the  new  and 
improved  Q>Max  A-27  Radio  Frequency  Lacquer. 

Uses  are  illustrated  and  described  .  .  .  the  excellent  electrical  and  physical 
properties,  as  determined  by  careful  laboratory  tests,  are  recorded . . .  the  dielectric 
constant,  power  factor  and  low  loss 
factor  over  a  wide  frequency  range  are 
shown  in  graph  form  . . .  the  results  of 
laboratory  tests  on  density,  dielectric 
strength,  acid  member,  drying  time  and 
other  characteristics  are  reproduced. 

Send  for  your  copy  of  this  informative 
booklet  today. 


Today  Facsimile  transmission 
is  bringing  back  pictures  of  dis*' 
ttnt  battle  scenes  within  a  fesiT^ 
minutes;  reconnaissance  planes 
are  sending  to  their  headquar¬ 
ters  sketch  maps  and  notes 
made  right  over  vital  spots. 

Some  day,  perhaps,  headline 
news  can  be  typed  and  delivered  in  our  living  rooms; 
news  pictures  will  be  in  our  homes  minutes  after  an 
event;  police  departments  will  flash  fingerprints  and 
photos  throughout  the  world... no  one  knows  what 
the  future  holds  in  storejor  Facsimile. 

After  the  war,  the  Communication  Products  items 
listed  below  will  again  be  entirely  at  the  service  of 
industry — for  improving  commercial  broadcasting 
and  helping  to  develop  whatever  new  applications  of 
radio  and  television  peacetime  will  reveal. 


PRODUCTS 
744  BROAD  ST. 


CO  M  PAN  Y 
NEWARK,  N.  1. 


FACTORY  t  344  BERGEN  AVE.,  JERSEY  CITY,  N.  J. 

Caoxiol  TrantmUtien  Lina  and  Fittings  •  Starling  SwHchas 
Awta-Dryaira  •  Antanna  and  Radiating  Systams  •  O-Max 
A-27  Radia  Fragoancy  Lacqwar 
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CTPONICS- 


Electronic  Pistol  Shoots 
Ultraviolet  Rat%'-  ^ 

An  air-cooled  ultraviolet  lamp, 'made 
in  the  form  of  a  pistol,  is  being  used 
to  irradiate  local  “targets”  on  skin 
surfaces  or  within  cavities  of  the 
body.  The  new  “pistol-lamp”  is  cap¬ 
able  of  producing  a  first-degree  ery- 
thema  in  contact  with  the  average 
untanned  skin  in  two  seconds.  Sub¬ 
stantially  more  ultraviolet  can  be  ob¬ 
tained  through  application  under 
minute  and  accurate  control. 

The  ultraviolet  intensity  for  the 
spectral  region  3130  A  to  1850  A  on 
contact  with  the  front  window  or 
muzzle  is  70,000  microwatts  per 
square  centimeter.  The  burner  is  a 
transparent,  fused  quartz,  self-light¬ 
ing  tubular  C-shaped  vessel  equipped 
with  activated  electrodes  of  the 
thermionic  type.  Input  is  160  watta, 
with  metal  lead-ins  for  the  electric 
current  sealed  directly  to  the  quartz. 


DISTRICT  OFFICES  IN  PRINCIPAL  CITIES 
QUICK  DELIVERY  FROM  DISTRIBUTOR'S  STOCKS 


rAPER,  OIL  AND  ELECTROLYTIC  CAPACITORS 


INDUSTRIAL 

CONDENSER 


1725  W.  NORTH  AVE.,  CHICAGO^  U.  S 


It  uses  the  principle  of  aerodynamics 
instead  of  a  water-cooled  system. 
The  casing  is  of  torpedo  design,  3 
inches  in  diameter  and  101  inches 
long,  and  is  provided  with  a  pistol 
grip  for  easy  manipulation. 

Known  technically  as  an  Aero- 
Kromayer  lamp  in  recognition  of 
Prof.  Ernst  Kromayer,  its  originator, 
the  unit  is  a  product  of  Hanovia 
Chemical  and  Mfg.  Co.,  Newark. 

Slow-healing  wounds  ofter  respond 
favorably  when  ultraviolet  is  applied, 
and  the  new  lamp  is  also  useful  for 
treating  abscesses,  indolent  ulcers, 
psoriasis  and  other  diseases. 


Jonvory  7944  — ELECTRONICS 


Small  oraos  enid  coritlM  of  tho  body  con 
bo  9iTon  nltraviolot  trootmant  with  a  now 
Aero-Kromayar  lamp  mada  in  tha  shop* 
of  a  pistol.  Lt.  (JG)  Dorothy  Loaodohl  o< 
St.  Albans  Naral  Hospital.  L.  U  traotf  a 
sailor's  infactad  aar 
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FFICIENCY 


>- 


, 


/7 


om  the  little  *T'  to  the  big  commercicd  type 
from  the  neutrcdizer  tyi>e  'Tl"  to  the  special 
mperatuxe  compensator  type,  all  JOHNSON 
uioble  condensers  ore  correctly  designed  and 
igineered  ior  the  port  they  must  ploy  in  the 
pnsmitter  circuit  Corona  discharge,  flash-over 
Iting,  galvanic  and  electrolytic  action  of 
ktals,  closed  loop  (losser)  circuits  within  the 
hdenser,  and  doiens  oi  other  problems  enter 


into  the  dengn  oi  on  efficient  condenser.  The 
metal  and  the  alloy  used,  the  shape  and  size  oi 
each  port  the  shape,  size,  and  material  oi  the 
insidotors,  all  ore  highly  important  Mechan¬ 
ically  they  ore  simple— electrically,  on  efficient 
condenser  demands  years  oi  experience  and 
"know  how."  Write  us  concerning  YOUR  con¬ 


denser  problems  and  JOHNSON  will 


recommend  a  type  ior  YOUR  needs. 


(oft 

CATALOG 

9670 


JOHIVSON 


amoui  name 


lQ.ad.i 


■  F.  JOHNSON  COMPANY  .  WASECA  *  MINNESOTA 
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7  loops 
(T)  , 

6-1  ratio(r) 


^  ht  t 


F  requency-Comparison 
Circuit  for  C-R  Tubes 


Voltages  of  two  different  fre 
quencies  can  be  combined  for  o*- 
parison  to  grive  a  circular  trace  vit! 
re-entrant  loops  on  the  screen  of  th 
cathode-ray  tube,  of  one  of  the  type 
shown  in  Fig.  1. 


Similor- 

rototions 


Counter- 

rototions 


Fig.  1 — Stationary  traco  producod  whe; 
tho  highor  iroquoncy  is  a  multipls  oi 
lowsr  iroquoncy 


May  be  L , 


Switch  to  r*. 
»«rse  rotot i;- 
of  vector  f. 


C/orostof  Type  43 
WIRE-WOUND  MIDGET 

Smallost  unit  now  ovailoblo 
ol  that  rating. 

•  •  * 

Ratod  at  2  watts.  1  to  10.000 
ohms. 

•  e  e 

Matches  Clarootat  Typo  37 
midget  composition-element 
control— in  appearance,  di* 
mensions.  rotation,  switch. 

e  e  • 

Available  with  or  without 
power  switch. 

Available  in  tandem  assem¬ 
blies— suitable  combinations 
oi  wire-wound  and  compo* 
aition-olomont  controls. 

*  e  e 

Typo  37  composilion>olo« 
mont  controls  rated  at  1. 
'x  watt.  500  ohms  to  5  mo^ 
ohms. 


'k  They  look,  measure  and  operate  the  same 
—these  Clarostat  t^e-wound  and  composi¬ 
tion-element  midget  controls.  Fully  inter¬ 
changeable,  mechsaically.  Can  be  made  up 
in  veuious  tandem  assemblies. 

Clarostat  Type  37  midget  composition- 
element  controls  have  been  available  for 
severad  years  past.  Their  stabilized  element 
has  established  new  standards  for  accurate 
resistance  values,  exceptional  immunity  to 
humidity  and  other  climatic  conditions,  and 
long  trouble-proof  service. 

And  now  the  Clarostat  Type  43  midget 
wire-wound  control  is  also  available,  to 
match  Type  37  —  matched  in  appearance, 
dimensions,  rotedion,  switch. 

For  neatness,  compactness,  convenience, 
trouble-free  operation— just  specify  these 
Clarostat  matched  midget  controls. 

ir  Write  for  literature.  Submit  that  re¬ 
sistance  or  control  problem.  Let  us 
quote  on  your  requirements. 


Fig.  2 — Circuit  us*d  to  produc*  trocM  i 
th«  typM  shown  in  Fig.  1  and  3 

The  circuit  of  Fig.  2  adds  a  .shor 
rapidly  rotating  voltage  vector  i 
a  longer,  more  slowly  rotating  r:. 
their  senses  of  rotation  being  eithi 
opposite  or  the  same.  With  opp(  ?i 
rotation,  the  loops  are  extrovertts 
with  the  same  directions,  they  ai 
introverted.  A  stationary  patt 
will  result  as  long  as  the  higher  f 
quency  is  a  multiple  either  of  t 
lower  frequency  or  of  an  intf^yr 
fraction  of  the  lower  frequency,  t 
pattern  in  the  latter  case  being  ‘  nii 
tiplex”  and  of  the  type  shown 
Fig.  3. 

If  there  is  no  integral  relation?;; 
between  the  frequencies  the  patte 
will  rotate  on  the  screen,  and  : 
frequency  ratio  is  shown  to  be  giv 
by 

r  ■■  r  -H  m/m  —  pT/mni  !  £ 
where  T  is  the  number  of  re-entra 
loops;  p  is  the  speed  of  the  patu 
in  rps,  in  the  direction  of  the  slov 
vector  and  n,  is  the  frequency  of  tJ 
vector  in  cycles  per  second  and  w 
the  multiplicity  of  the  pattern. 

The  negative  sign  corresponds 
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DEALERS  CAN  PARTICIPATE  NOW! 

In  the  distribution  of  Radiotone  to  essential  industries, 
including  schools  and  other  institutions  ...  as  well  as 
the  complete  line  of  Radiotone  accessories  including 
recording  discs  and  needles.  Write  for  catalog  and 
complete  details. 
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Similor- 

rototions 
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Fig.  1 — Stotionary  trac*  produced 
th*  higher  frequency  is  a  multiple  of  ti; 
lower  frequency 
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'k  They  look,  measure  and  operate  the  same 
—these  Clarostat  wire-wound  and  composi¬ 
tion-element  midget  controls.  Fully  inter¬ 
changeable,  mechanically.  Can  be  made  up 
in  various  tandem  assemblies. 

Clarostat  Type  37  midget  composition- 
element  controls  have  been  available  for 
several  years  past.  Their  stabilized  element 
heuB  established  new  standards  for  accurate 
resistance  values,  exceptional  immunity  to 
humidity  and  othev  cliinatic  conditions,  and 
long  trouble-proof  service. 

And  now  the  Clarostat  Type  43  midget 
wire- wound  control  is  also  available,  to 
match  Type  37  — matched  in  appearance, 
dimensions,  rotation,  switch. 

For  7ieatness,  compactness,  convenience, 
trouble-free  operation— just  specify  these 
Clarostat  matched  jrudget  controls. 


Fig.  2 — Circuit  us*d  to  produco  trocM 
tho  typos  shown  in  Fig.  1  ond  3 


Clarostat  Type  43 
WIRE-WOUND  MIDGET 

Smallest  unit  now  availablo 
of  that  ralinq. 


The  circuit  of  Fig.  2  adds  a  sho: 
rapidly  rotating  voltage  vector 
a  longer,  more  slowly  rotating  f 
their  senses  of  rotation  being  eitr 
opposite  or  the  same.  With  oppi- 
rotation,  the  loops  are  extrovertn 
with  the  same  directions,  they  a 
introverted.  A  stationary  patt* 
will  result  as  long  as  the  higher  fi 
quency  is  a  multiple  either  of  t 
lower  frequency  or  of  an  inte?i 
fraction  of  the  lower  frequency,  t 
pattern  in  the  latter  case  being  'nv; 
tiplex”  and  of  the  type  shown 
Fig.  3. 

If  there  is  no  integral  relations- 
between  the  frequencies  the  pattf- 
will  rotate  on  the  screen,  and  : 
frequency  ratio  is  shown  to  be  gi' 


Rated  at  2  watts.  1  to  10,000 
ohms. 

•  •  • 

Matches  Clarostat  Type  37 
midget  composition-element 
oontrd— in  appearance,  di¬ 
mensions,  rotation,  switch. 


Available  with  or  without 
power  switch. 


Available  in  tandem  assem¬ 
blies— suitable  combinations 
of  wire-wound  and  compo¬ 
sition-element  controls. 


Type  37  composition-elS' 
ment  controls  rated  at  1 
watt.  500  ohms  to  5  meg 


i(  Write  tor  literature.  Submit  that  re¬ 
sistance  or  control  problem.  Let  us 
quote  on  your  requirements. 


r  T  -i-  m/m  —  pT/mni  I  I 
where  T  is  the  number  of  re-entrs 
loops;  p  is  the  speed  of  the  patu 
in  rps,  in  the  direction  of  the  s!o’ 
vector  and  fh  is  the  frequency  of  tl 
vector  in  cycles  per  second  and  « 
the  multiplicity  of  the  pattern. 

The  negative  sign  corresponds 
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recording  discs  and  needles.  Write  for  catalog  and 
complete  details. 


Fi9>  3 — Stationary  traco  producod  whoro 
tho  higher  Irequoncy  is  a  multiple  oi  on 
integral  fraction  of  the  lower  frequency. 
The  rotations  ore  opposite  at  a  and  in  tho 
same  direction  at  b.  The  dotted  portion 
is  shown  for  clarity;  the  lines  are  actuolly 
continuous 


extroverted  loops  and  opposed  rota¬ 
tions;  the  positive  sign  to  intro¬ 
verted  loops  and  similar  rotations. 
Thus  counter  rotations  give  more 
loops  than  similar  rotations,  and  half 
the  difference  gives  the  multiplicity 
of  the  pattern ;  that  is,  the  number  of 
rotations  of  the  slower  vector  before 
the  beam  trace  closes  on  itself  to 
give  a  complete  pattern. 

The  formula  p  =  0  "gives  the  fre¬ 
quency  ratio  for  a  stationary  pattern, 
and  m  =  1  gives  single  patterns  as 
in  Fig.  1.  Also,  p  has  to  be  given  its 
correct  sign,  and  thus  the  direction 
of  rotation  of  the  lower  frequency 
must  l?e  known.  This  vector  is  ordi¬ 
narily  derived  from  a  phase-splitting 
circuit;  the  direction  of  rotation, 
where  not  deducible  from  the  circuit 
connections,  can  be  deduced  from  the 
type  of  distortion  caused  when  an 
auxiliary  capacitor  (or  inductance) 
is  added  to  the  phase-splitting  cir¬ 
cuit.  Details  and  proofs  of  this  test, 
and  the  facts  and  formula  stated 
above,  are  given  in  the  Complete  pa¬ 
per  by  G.  H.  Rawcliffe  in  Part  III, 
Dec.  1942  of  the  Journal  of  the  In¬ 
stitution  of  Electrical  Engineers 
(British). 


DependabiJ.^y  of  radio  equipment  doesn’t  begin  with  the 
Walkie-Talkie  man  reporting  enemy  movements  or  directing 
Allied  advances.  .  .  ’.  Dependability  originates  in  the  plants 
manufacturing  radio  receivers,  transmitters,  batteries,  wires  and 
other  equipment  so  essential  in  conducting  a  successful  mechan¬ 
ized  war.  .  .  .  To  achieve  this  dependability,  thorough,  accurate, 
efficient  testing  equipment  is  demanded.  Kold-Hold’s  "Hi-Low” 
machine  was  productioneered  to  meet  this  demand.  Accurate  test¬ 
ing  over  a  wide  controlled-temperature  range  enables  you  to  meet 

rigid  government  specifications 
^  testing  job  that  assures 
dependability  when  and  wherever 


Moving  Coil  Oscillograph 

For  recx)RD1NG  periodic  and  aperiodic 
changes  which  are  too  rapid  for  a 
regular  strip  chart  recorder  and  too 
slow  to  be  satisfactorily  observed  on 
a  cathode-ray  tube,  a  moving  coil 
oscillograph  may  be  used.  Many 
medical  applications  of  recording 
oscillographs  require  either  d-c  re¬ 
sponse  characteristics  or  at  least 
linear  response  characteristics  at  a 
fraction  of  a  cycle  per  second.  For 
this  purpose  transformer  coupling 
is  not  practical  and  the  moving  coil 
must  be  directiy  connected  to  the 
plates  of  the  driving  tube. 

In  an  early  model  of  a  direct  re- 


Detailed  infor¬ 
mation  on  Kold-Hold  products 
and  their  many  applications  fur¬ 
nished  upon  request.  Ask  for 
catalog  No.  S-Z  431. 


Productioneering  for  Industry 


446  NORTH  GRAND  AVENUE,  LANSING,  4,  MICHIGAN 


precision 


•CHICAGO 
electrical  equipment 


electronics 
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RADIO  EQUIPMENT 

used  wherever  dependable 
performance  counts 

ERCO  research  and  engineering  have  contributed  many  of  the  ad¬ 
vanced  refinements  that  have  brought  radio  communications  control 
to  its  present  high  efficiency.  And  the  exacting  ERCO  standards  in 
manufacture  have  always  demanded  no  compromise  with  quality. 
This  broad  knowledge  and  experience  are  available  to  you  in  the 
solution  of  your  particular  problems.  Your  inquiry  invited. 


Citckmf. 

ttritrmtncff 

ERCO  MW-60  RESONANCE  METER 

TELLS  INSTANTLY  whether  you  are  getting  maximum  efficiency  from  UHF 
equipment.  A  dependable,  sensitive,  rectifier  type  vacuum  tube  voltmeter  indi¬ 
cator  for  accurate  checking  of  transmitter  performance  in  the  I20  to  600  MC 
ranee.  Ideal  for  maintaining  peak  efficient  of  Absolute  Altimeters^^Blind  Land¬ 
ing  Markers,  Glide  Path  Markers,  Airport  Traffic  Control,  Weather  Teletype,  and 
Broadcast  Relay  Circuits. 


ERCO  RADIO 
COMMUNICATION  EQUIPMENT 

Meets  the  exacting  demands  re¬ 
quired  for  Airport  Traffic  Control. 
Used  by  Grumman  Aircraft, Repub¬ 
lic  Aviation,  and  other  prominent 
users  of  airport  control  equipment. 


RADIO  RECEIVER 

Designed  for  communica¬ 
tion  or  pick  up  where  a  high 
decree  of  stabi  lity  and  selec- 
,  *  tivity  are  necessary.  Used 
;  ;  at  Pan  American  Airways 
i  i  Systems’ air  bases;  by  U.S. 

i  Signal  Corps,  Socony-Vac- 
f  *  uum,andothers  for:  Police, 
I  I  Marine,  and  general  com- 
fe  -!  munications. 


ERCO  RADIO  LABORATORIES,  Inc. 

HEMPSTEAD,  NEW  YORK 

Manufaefurers  of  CUSTOM  BUILT  RADIO  APPARATUS 


cording  oscillograph,  described  ia 
Electronics  for  October  1939,  the 
moving  coil  impedance  was  approxi¬ 
mately  500  ohms  and  the  unit  was 
energized  by  means  of  a  shunt  resis- 
tive  network.  This  circuit  resulted 
in  considerable  power  loss,  caused  by 
the  mismatched  impedance  and  the 
shunting  effect  of  the  plate  resis¬ 
tors. 

A  high-impedance  moving  coil  ar¬ 
rangement  has  been  developeti  by 
Rahm  Instruments,  Inc.  to  increaie 
the  sensitivity  of  the  oscillograph.  As 
shown  in  Fig.  1,  the  center-tapped 
coil  forms  the  total  plate  load  of  the 
'tubes  and  matches  the  plate-to-plate 
impedance. 


Fig.  1 — Ctrenit  of  tho  p^tashpull  ttago  OMd 
to  drtro  tho  morlBg'  ooU  oUid  actuate  tlu 
stylna  of  tho  rocordlag  oodllograph 

The  magnetic  field  for  the  moving 
coil  is  produced  by  an  electromagnet 
having  a  field  coil  of  approximately 
400  ohms  resistance  requiring  100  to 
200  ma  of  exciting  current  The  field 
coil  resistance  may  be  made  higher 


iMi 


o  g*5  Bucki 

Input  ~  £ _ f 


-  150-200V.  -t-’M 


Fig.  2 — Tho  moving  coil  may  bo  driven  by 
a  elnglo-ondod  otogo  If  tho  mognotiiinq 
olfoct  of  tho  ploto  eurront  flow  is  bolorced 
out  by  o  bucking  circuit 
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WIRING  HARNESSES 

★ 

BONDING  JUMPERS 
★ 

CABLE  ASSEMBLIES 
★ 

AIRCRAFT  and  RADIO 

CABLE  PRODUCTS 


HITAKER  CABLE  ASSEMBLIES  are  Engineered! 


23  year  performance  record  backs  up  your  judgment 
hen  you  turn  wiring  jobs  over  to  Whitaker.  We  have 
)mplete  facilities  for  producing  special  Cable  Assem* 
lies.  Wiring  Harnesses  or  FlexHile  Leads  for  power  or 

ghting.  ^ 

All  Whitaker  Assemblies  are  engineered  to  specifica¬ 


tions  ...  to  install  with  ease  ...  to  carry  the  load  ...  to  a 
minimum  weight  ...  to  conserve  space  ...  to  electrical 
efficiency — ana  to  mechanical  perfection. 

In  adaition  to  an  engineered  wiring  service,  Whitaker 
also  offers  a  quality  line  of  standard  cable  products.  Write 
and  advise  us  of  your  needs. 


WHITAKER  BATTERY  SUPPLY  CO. 


ansas  City,  Mo.  .  -  .  St.  Joseph,  Mo.  .  .  .  Philadelphia  .  .  .  Oakland 
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•  TOOU  AMD  DIES 


FAMELSOABDS 
fU^sne  PASTS 
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14(hh  St.,  New 


EXPERIENCE  AT  YOUR  SERVICE 
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ATTACK  -  -  BUY  M^^WAR  BON 
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kmtita  I  plawM,  one*  ttiay'ra  pointad 
toward  tha  anamy,  matt  ra«alva  avary 
rodta  communicotien  matioga  diitinttlyl 
Accarota  radio  taning  it  ottarad  with 
Rodio  Coadantar  Compony't  variobla  air 
condantart. 


Shipt  making  thair  way  in  tlronga  wotart 
—  thay,  alto,  ata  Radio  Coadantar  Cam - 
pony't  vorioblo  air  condantort,  to  thot 
thoro  it  occaroto  taning  to  racaivo  oath 


afr 


f\._ 


Ivan  tmoll  rodia 
tamatanicotlaa  taft, 
ttroppad  to  oar  tol> 
diart  ot  a  vital  port 
of  thair  ogaipmant, 
ata  thaaa  vorioblo 
oir  condantart.  Dit- 
tinct  toning  It  tha 
toward. 


Of  no  lati  impartonca  ora  tha  radio 
commanicotion  tatt  In  oar  big,  powor- 
fal  fonkt.  Thay,  too,  ploy  on  impor¬ 
tant  port,  and  avon  whan  tha  going  it 
roagh-ond-tambla,  thota  oir  condantart 
provMa  occaroto  radio  taning. 


r  • 


Th«  variabi*  air  cond«ns«rs  of  Radio  CondoniFv  Company  or* 
today  boing  usod  by  our  armed  forces  ...  not  only  on  radio  appara¬ 
tus  in  tanks,  but  on  planes  and  all  types  of  radio  communication  sets. 

This  means,  currently,  that  we  are  engaged  100  Ya  in  war  work. 
But,  after  the  war,  we  will  again  be  in  a  position  to  provide  manu¬ 
facturers  of  rodio  sets  with  a  new,  modem  line  of  air  condensers 
and  push  button  tuning  devices.  So,  in  planning  your  post-war  radio 
manufacture,  plan  to  use  Radio  Condenser  Company  products. 

RADIO  CONDENSER  CO. 

■BRT  CAMDEN.  N.  J. 

RADI?  CONDENSER  CO.  LTD.,  TORONTO,  CAN 
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With 

QUAKER  CITY  GEARS 

In  base  to  plane  communication,  one  of  the 
vital  contributing  factors  toward  the  accu- 
rapy  of  pin-point  tuning  is  precision  gears. 
Today  our  allied  forces  on  all  fronts  are  as¬ 
sured  this  accuracy  with  Quaker  City  Gears. 

Yes,  Quaker  City  Gears  are  being  used  ex¬ 
tensively  by  our  armed  forces — in  fact,  so 
extensively  we  are  proud  of  this—our  con¬ 
tribution  to  help  win  the  war. 


Quaker  City  Gear  Works 

INCORPORATED 

1910-32  North  Front  Street,  Philadelphia,  Pennsylvania 


On*  oi  th*  tripl*-«p*ak*r  nnlta  for  te 
lonknrt  londspooking  t*l*phon*  BTittB, 
mcnl*  by  Fremk  L  DuFron*  Cow  Inc.  Thb 
pan*!  I*  for  a  boapUol  room 

sound  wave  of  increased  air  pressure 
is  impressed  on  the  microphone  from 
one  speaker  there  will  be  an  equal 
and  opposite  sound  wave  from  the 
other  speaker.  If  a  perfect  balance 
could  be  obtained  there  would  be  no 
net  movement  of  the  cone  of  the  mi¬ 
crophone  diaphragm  because  of  the 
cancellation.  In  practice  a  perfect 
balance  cannot  be  obtained  but  a  con¬ 
siderable  amount  of  acoustical  can¬ 
cellation  is  accomplished. 


Mounting  th*  ■p*ok*rs  and  mlcropbonat  in 
•npoTOt*  padd*d  compartm*nts  pr*v*nti 
backsid*  radiation 


The  speakers  and  microphone  are 
mounted  in  a  cabinet  as  shown  in  the 
drawing,  and  each  unit  is  separated 
from  the  others  by  a  partition.  The 
remaining  space  in  each  enclosure  is 
partly  filled  with  sound  absorbent 
material  so  that  the  backside  radia¬ 
tion  of  sound  from  the  speakers  is 
largely  absorbed.  The  microphone  en¬ 
closure  provides  a  reduction  of  sound 
pickup  from  the  speakers  through 
the  back  of  the  cabinet 

To  limit  the  range  over  which  the 
acoustical  balance  must  operate,  the 
amplifier  is  adjusted  so  that  the  fre 
quencies  below  400  cycles  and  above 
4000  cycles  are  attenuated.  This  does 
not  seriously  impair  speech  intelli¬ 
gibility. 
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CENE 


ARMY-NAVY  “E”  WITH 
STAR  mwArded  to  Auto- 
,OrdnaBee  Corporation  for 
'continued  excellence  in  pro¬ 
duction  of  "Tommy”  Ouna. 


INDUSTRIES 

Division  of  Auto-Ordnonce  Corporation 


Otht  products  manufacturod  includm:  ELECTItONIC  CONTROLS  •  VACUUM  TUBES  •  HYDRAULIC  SERVOS 

COMMERCIAL  RADIO  EQUIPMENT  •  ELECTROMECHANICAL 
DEVICES  •  ELECTROSTATIC  HEATING  UNITS  UP  TO  250  KW. 
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#  Jacks-of-all-trades  have  their  place  .  . .  but  not  in  General  Electronics 
Industries.  Everyone  in  this  organization,  from  top-flight  research  engineers 
to  service  men  and  their  assistants,  is  an  electronics  specialist. 

We  have  no  miracle  gadgets  nor  mysterious  cure-oils  for  sale.  Our  busi¬ 
ness  is  the  proper  application  of  electronics  to  solve  individual  production 
problems.  This  begins  with  diagnosis,  follows  through  with  research,  per¬ 
haps  special  design,  and  includes  expert  service  before  and  after  comole- 
tion  of  the  job. 

To  assist  you  in  your  post-war  production  planning,  one  of  the  largest 
organizations  specializing  in  Electronics  offers  the  skill,  experience  and 
unsurpassed  facilities  that  have  successfully  met  the  most  exacting  tests 
of  war. 

Write  to  Engineering  Department,  General  Electronics  Industries,  342 
West  Putnam  Avenue,  Greenwich,  Connecticut. 


This  naw  davalopnwnt  by  tba  ra- 
March  laborotoriat  of  Ganarol 
Elactronics  Industriat  providas  au¬ 
tomatic  control  of  chamkol  proc- 
attas  and  also  of  production 
machinary,  by  maons  of  printad 
charts  which  may  ba  raplacad  or 
intarchongad  as  raodily  os  phono¬ 
graph  racords. 


AUTOMATIC 
PROCESS  CONTROL 


;51hALLCI^SS  MFG.  CO 


engineering  •  DESIGNING  •  MANUFACTURING 
|ID393n  C  o  1 1  i  n  gd  a  I  e,  Pa. 


Close-tolerance  resistors  are  the  kind  that  Shallcross  makes. 

We  were  first  to  produce  non-inductive  pi- wound  resistors. 

We  make  a  broader  variety  of  types  to  a  standard  tolerance 
of  1%  than  any  other  manufacturer. 

These  include  all  ranges  from  a  fraction  of  an  ohm  to  10 
megohms,  in  many  shapes  and  sizes. 

Other  types  as  exact  as  0.05  of  1%  are  also  available. 

Shallcross  AKRA-OHM  Resistor  is  mois- 
tuTjp-prbtected,  fully  dependable,  and  time-tested 
on  exacting  applications  throughout  the  world.  / 

It  pays  to  buy  exacting  items  from  a  specialist.  ^ 

Our  engineers  will  gladly  cooperate  in  helping  you  j 
select  the  proper  type.  Write  for  the  Shallcross  j 
Akra-Ohm  Resistor  Catalog.  / 


Control  ponol  ond  record  ^onvan  I 
■applying  mule  to  worker*  in  io«  l< 
toriee  oi  a  MoMOchusetts  plont 
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’uHy  Pr^ctra  by  Patents  Pending) 


PLUS  ALL 
THE  AMP 


INSUUTION  SUPPORT 
FEATURES 

PHONE— WR/TE  OR  WIRE  for  SAMPLES  and  BULLETIN  29 

_  1521-31  N.  4th  ST.,  HARRISBURG,  PA. 

AFT-MARINE  PRODUCTS 
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The  contributions  which  Sigma  Instru¬ 
ments  hove  made  in  the  relay  field  are 
but  a  promise  of  significant  new  devel¬ 
opments  to  come. 

Study  the  typical  operating  cycle  of  the 
new  Sigma  Series  5  Relay  shown  above 
— notice  that  it  is  operating  at  5  Milli¬ 
watts  with  4  mil  air  gap  between  con- 
cts,  and  4  mil  air  gap  at  poles.  Notice 
further,  that  contact  pressure  of  over  40 
grams  is  provided  in  the  energized  state 
and  28  in  the  deenergized  state. 

The  possibilities  of  this  relay  can  be 
imagined  when  it  is  realized  that  a  con¬ 
tact  pressure  of  only  20  grams  is  suffi¬ 
cient  (on  the  Series  5)  to  withstand  11  g's 
vibration. 


Sockets 


6  in.  wide  and  16i  ft  long. 

The  electrode  arrangement  for 
big  press  is  shown  in  Fig.  14. 
most  notable  feature  is  the  provi 


the  press  which  would  normally 
cur  due  to  the  fact  that  at  8.5 
the  16i-ft  length  of  the  spar  is 
appreciable  part  of  a  wavelength. 


LITTLE  ONES 


MIDDLE  SIZED  ONES 


BIG  ONES 


Being  limited  to  only  one  or  two  sizes  in  an  entire  range  of  boHs  can  mean 
disaster  to  a  bolt  buyer.  They  very  often  must  have  occdsc  to  thousands  of 
combinations  of  diameters,  Jengths,  and  head  styles. 

Alert  purchasing  agents  assure  themselves  of  a  wide  selection  of  materials 
when  they  specify  Sterling  Bolt  Company,  for  their  bolt,  nut,  screw,  rivet, 
and  washer  requirements. 

Our  products  include:  carriage,  machine,  plow,  elevator,  step,  lag,  hanger, 
coupling,  milled  body,  and  stud  bolts,  and  all  other  types.  Also  nuts,  screws/ 
rivets,  and  washers,  of  every  type  and  description,  in  all  styles,  finishes 
and  all  metals. 


FIQ.  17 — ^Ed9**glued  lointi  in  %-hi.  tUd 
board  mad*  by  tho  motbod  ihown  b 
FUi.  10 

obviates  the  need  of  retuning  during 
the  operation. 

A  piece  cut  from  the  end  of  a 
6  X  6>in.  block  made  in  the  big  press 
is  shown  in  Fig.  15.  Such  a  block  ia 
sliced  vertically  to  obtain  a  multi 
laminar  plank  from  which  the  final 
spar  is  cut  and  shaped.  An  end  of 
one  of  these  planks  is  shown  in  Fig. 
16,  and  edge-glued  joints  are  sho^ 
in  Fig.  17. 

Str— (|tb  of  Molfl'LaMiDar  Spar 

The  spars  made  by  this  proces 
have  been  very  satisfactory  in  everj 
respect  and  have  rated  highly  in 
every  teat  to  which  they  have  bea 
subjected. 

The  Lr-2  plane  weighs  1300  Ib 
fully  loaded.  In  static  tests,  Tayl(»^ 
cjraft  engineers  have  placed  5000  Ib 
on  a  single  wing  panel  constructed 
with  multi-laminar  spars.  This  ii 
equivalent  to  10,000  lb  over  the 
plane's  total  wing  surface.  The  span 
“took  it”  without  the  slightest  trace 
of  damage. 

Incidentally,  the  all-metal  (fabric- 
covered)  wings  of  earlier  Taylorcraf! 
commercial  trainers — from  which  the 
L-2  was  developed — ^were  consider 
ably  heavier  than  the  wood  wings  anc 
took  loads  up  to  only  about  8800  lb 
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ALCOA! 


Aluminum  Company  of  America 
2136  Gulf  Building,  Pittsburgh,  Pa. 

Send  me  a  copy  of  the  booklet,  ** Alcoa  Aluminum  and  Its  Alloys, 


Aluminum  just 

naturally  belongs  in  the  Electronics  picture 

Electronics  at  work  frequently  involves  aluminum  in  some  form  or  other;  in  the  device 
itself  or  the  apparatus  working  with  it.  Designers  and  manufacturers  will  find  in  the 
following  tabulation  the  properties  which  make  versatile  aluminum  so  highlv  desirable 
for  sucb  equipment. 

LIGHTNESS  with 
HIGH  STRENGTH 

The  light  weight  of  aluminum  is  its  most  striking  quality;  light¬ 
ness  with  high  strength.  It  weighs  only  one-third  as  much  as  the 
heavy  metals. 

RESISTANCE 

TO  CORROSION 

Aluminum  is  able  to  resist  the  corrosive  action  of  the  atmosphere 
and  a  great  variety  of  chemical  compounds. 

NIGH  THERMAL 
and  ELECTRICAL 
CONDUCTIVITY 

Heat  is  distributed  rapidly  throughout  its  mass,  usually  per¬ 
mitting  higher  ratings.  And  aluminum  is  also  an  excellent  con¬ 
ductor  of  electricity. 

NONMAGNETIC 

NONSPARKING 

Being  nonmagnetic  and  nonsparking,  aluminum  is  especially 
desirable  for  many  electronic  and  associated  devices. 

EASY  TO 
FAIRICATE 

Alcoa  Aluminum  Alloys  are  available  in  ever\’  commercial  form, 
and  are  easily  fabricated  by  all  conunon  methods.  They  can  be 
economically  finished  in  a  wide  range  of  durable,  attractive 

surface  finishes. 

The  booklet,  “Alcoa  Aluminum  and  Its  Alloys,”  presents  in  concise  form  much  funda* 
mental  information  of  value  to  designers  and  manufacturers.  If  you  are  wondering  about 
including  aluminum  in  your  military  or  postwar  products,  you  should  have  a  copy.  Mail 
the  coupon  today. 

^ 

•Rtfidl 

ALCOA  ALUMINUM 

r  ANGH  MC5.  • 
I'm  comiMG  iH 


i  •  The  boy's  been  in  a  tight  spot . .  ."lost  angel  face"  tells 

-  his  comrades  that  the  plane  has  a  damaged  wing  . . .  but 

^  f  ^  the  "baked  a  cake"  tells  ’em  that  his  bomb  load  reached 

its  target .  .  .  and  the'Tm  coming  in"  tells  us  that  thanks 
to  the  finest  equipment  in  the  world,  another  American 
fighting  man  has  had  a  fighting  chance. 


Pincor  dynamotors  are  part  of  his  communications  equip* 
ment.  One  of  these  compact,  featherweight  little  motors  is 
used  to  power  the  radio  and  phone  apparatus  that  helped 
to  take  him  through  and  bring  him  back. 


Pi^OR 


BUY  MORE 
WAR  BONDS 


Dynamotors 
DC  Motors 


Converters 
Power  Plants 


Generators 

Gen-E-Motors 


PIONEER  GEN-E-MOTOR 

5841  WEST  DICKENS  AVE.,  CKICAGO  39,  III, 
Export  Address  25  WARREN  ST.,  NEW  YORK  7,  U.S.A. 
,  Cable  Address  SIMONTRICE,  N  Y. 


Equipment 

Distribution 

(Continued  from  page  107) 

in  many  ways.  For  example:  Inde¬ 
pendent  electronic  consultants  are  es¬ 
tablished  throughout  the  country. 
These  men  can  be  employed  to  solve 
specific  problems.  Electronic  spe¬ 
cialists  can  be  employed  by  the  job¬ 
ber  on  a  full  time  basis.  Indepen¬ 
dent,  engineering-minded,  factory 
representatives  can  supply  both  sales 
and  engineering  talents  needed  for 
distribution  on  a  part-time  basis. 
Specialty  organizations  acting  as 
factory  branch  service  stations  can 
be  created  in  specific  territories. 

In  this  group  good  technical  sales 
and  service  literature  is  of  extreme 
importance,  as  direct  control  of  the 
application  and  installation  of  com¬ 
plex  equipment  is  out  of  the  hands 
of  the  manufactu»’er. 

CempeaMt  Parts 

Group  S — At  present  almost  all 
replacement  radio  components  are 
distributed  through  jobbers.  So  are 
most  of  the  component  parts  for  in* 
dustrial  electronic  applications.  j 

As  the  field  of  industrial  ele^ 
tronics  broadens,  it  may  develop  its 
own  unique  methods  of  distributing 
component  parts  and,  possibly,  break 
away  entirely  from  the  radio  re¬ 
ceiver  replacement  field. 

The  specializing  jobber  of  indus¬ 
trial  electronic  components,  if  there 
is  to  be  one,  would  probably  be  a 
large  distributing  house,  because 
large  dollar  volume  and  very  com¬ 
plete  stocks  must  be  maintained  at 
all  distribution  points  to  properly 
serve  industry.  This  will  be  an  es¬ 
sential,  as  industry  in  general  will 
not  completely  accept,  electronic  de¬ 
vices  until  it  is  certain  that  it  can 
purchase  replacement  parts  locally  in 
case  of  breakdowns. 

Component  parts  manufacturers 
will  have  to  supply  industrial  ele^ 
tronic  component  parts  jobbers  with 
proper  tools  with  which  to  serve 
industry.  These  should  include  a 
well-balanced  and  complete  line,  cata¬ 
logs  with  technical  data,  and  consis¬ 
tent  promotional  support. 

In  all  three  product  groups  techni¬ 
cal  knowledge  will  play  an  extremely 
important  part  in  the  distribution 
scheme.  Industrial  electronics  will, 
in  fact,  call  for  a  new  and  higher 
order  of  sales  engineering  talent 
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MORE  QUARTZ  PRODUCTION 

by  maintammg  the  free  cutting  action  of 

DI-MET  RIMLO^*^ 


DI-MIT  Rimlocic  quartz  cutting 
whoeli  ara  characteristicolly 
fast,  smooth,  froo-cutting  blodos 
•••but— tho  proper  operation  of 
Rimlocks  not  only  gives  better 
over-all  results  In  blade  life,  etc. 
but  greatly  improves  wafer 
quality  as  well  by  reducing 
checking  and  wedging.  The  Rlm- 
lock  that  lasts  the  longest  pro¬ 
duces  the  best  wafers^^^and 
that's  why  the  free  cutting  qual 
ities  of  Rimlock  blades  should 
be  maintained^ 


The  method  is  easy— merely  follow  the  simple  sugges¬ 


tions  outlined  below.'They  have  been  especially  worked 
out  to  insure  you  more  and  better  quartz  production . . . 


JUmlsclis  mt 


trmm  4000  t*  4500  •.# jh., 
wkldi  is  •«  mi  mp- 

|K»Ktwf>ly  3000  f^r 
O'*  Oiawtw  wh**!. 


mMKmmp  fmme  pr»$»mrm 
■y  Hpktl  A  iMd  •#  7  ISs. 
is  f wfily  sun^U.  Maiiii- 
talii  •  Hfiit  flmi  prmumrm. 
T**  inwcli  prassiir*  4«iis 
Hm  r«s«its  ia  "Oisli- 

iaf,"  whicli  cawsas  waOjiag 
aaO  iacraasas  chackiag. 


E^Usa  obaadoat  caofaat, 
accarafaly  diractad. 
Siaad  batk  sidas  af  biada 
gaaaraasiy  aad  ba  sara 
caaiaat  actaaiiy  raachas 
tha  iiaa  af  cat ...  da  aat 
caaiyraaiisa.  Maiatsda  qaai- 
ity  caaiaat. 


R  AUsa  aaipla  motor  paw- 
^7  arf  Variatiaa  af  biada 
dariag  cattiag  iaw- 
ars  biada  afllciaacy,  daiis 
cattiag  adgas  aad  dastrays 
accaracy.  A  %  h.p.  motor  is 
racaaiaiaadad  far  gaaarai 
qaarts  cattiag  aparatiaas. 


Rasults  of  following  those  4  rules  ore  well  worth 
the  efFort.  Wear  is  reduced  to  a  minimum  . . . 
re-sharpeniny  (which  shortens  blade  life)  is  less 
frequent . . .  accuracy  is  maintained.  And  most 


Dl-WT 


important  of  all,  tho  longer  life  of  your  Rim¬ 
locks  produces  more  high  quality  wafers! 

FELKER  MANUFACTURING  CO- 

1116  iORDIR  AVINUI,  TORKANCI,  CALIF. 
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^  A  . 


Ffna 


aoj  *  «  PfoduJ 
*^<ison  t  Oo^  _-^  aesjo. 


supply,  and  its  load  is  placed  in  the 
cathode  circuit.  On  negative  half, 
cycles  of  the  grid  voltage  V,  is  cut 
off,  but  on  positive  half-cycles  voltage 
is  applied  to  the  plates  of  and  V, 
through  reactors  Tt  and  T«. 

At  all  times  the  second  winding 
MW,  of  the  two-phase  motor  is  ex¬ 
cited  continuously  from  a  voltage  ob¬ 
tained  from  the  primary  of  T,  serv¬ 
ing  as  a  step-down  auto-transformer. 
Phasing  capacitors  Cn  and  C,  are  in 
the  circuits  of  MW,  and  MW,  respec¬ 
tively.  The  proper  conditions  are 
thereby  established  for  reversal  of 
rotation  in  accordance  with  the  phase 
of  the  48-cycle  grid  signal. 

It  is  well  to  note  at  this  point  that 
such  a  circuit  allows  power  to  be  sup¬ 
plied  from  a  source  of  quite  different 
requency  (400  cycles)  from  the  med¬ 
iating  frequency  (48  cycles)  used  in 
the  loop  circuit.  As  a  result,  the 
phase  relationships  of  the  two  sys¬ 
tems  are  entirely  independent.  Ad¬ 
vantage  is  taken  in  such  a  circuit  of 
the  use  of  saturable  reactors  so  that 
much  lower  power-handling  capacity 
of  thyratrons  V,  and  V,  is  necessi¬ 
tated.  Each  reactor  is  so  wound  that 
the  split  a-c  windings  which  make  up 
Bi  or  B,  induce  very  little  alternat¬ 
ing  voltage  in  plate  windings  A,  and 
Ah  In  small  size  units,  where  the 
required  torque  is  also  small,  it  be¬ 
comes  feasible  to  keep  motor  wind¬ 
ing  MW,  continuously  excited.  The 
ystem  of  Mark  I  avoids  this  difficulty 
when  the  loop  has  reached  the  null 
position. 


.  'v'^^.RiaiARDSON*  COMPANY 


Direction 

Finders 


(Continued  from  page  H8) 
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Bearing  indicator  of  MN-31  cyitoio 
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MACHLETT 


SPRINGDALE 


CONNECTICUT 


POWER  TUBE  DIVISION:  NORWALK,  CONN. 
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WHY  have  the  Government's  experts  Nowhere  else  is  there  such  a  store  of 

on  electronics  come  to  Machlett  for  knowledge,  skills,  and  techniques  for  deal- 

aid  in  connection  with  the  problems  which  ing  with  extremely  high  voltages  in  vac- 
arise  when  higher  and  higher  voltages  uum  tubes. 

are  emptoyed  in  the  wartime  electronica  undertaking  special  development  con- 

program.  tracts,  and  by  providing  enormous  addi- 

The  Machlett  organization  has  for  many  tional  productive  capacity,  Machlett 
years  specialized  in  the  development  and  Laboratories  are  contributing  these  skills 
production  of  tubes  for  the  x-ray  industry,  and  techniques  to  the  task  of  extending 
where  high  operating  voltages  (50,000  the  power,  the  range,  the  effectiveness  of 
volts  upward  into  the  millions)  are  com-  electronic  devices  for  waging  war. 
mon-place. 


T 


R«ar  Ttow'ol  bearing  indicator 
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tAc  AttacA  '  ^€€u  TfCoftc  TOoft 


In  the  MN~Sl  direction  finder,  anti¬ 
hunt  operation  is  secured  by  two 
means.  In  the  first  place,  the  loop 
motor  is  designed  to  have  extremely 
small  moment  of  inertia.  This  be¬ 
comes  more  practical  because  of  the 
fact  that  it  is  not  required  to  drive  a 
tachometer  type  of  flexible  shaft  con¬ 
nected  to  the  bearing  indicator  unit 
In  the  second  place,  the  automatic 
loop  control  unit  serves  to  give  anti¬ 
hunt  action  by  virtue  of  a  circuit 
which  is  frequently  referred  to  as  an 
anticipator.  In  the  common  cathode 
lead  of  thyratrons  I’,  and  V,  a  re- 
siatorrcapacitor  combination,  A,  and 
C„  is  included.  When  either  thyratron 
passes  piste  current,  the  voltage 
across  biases  off  both  tubes  by  an 


R»mot«  control  unit  of  Bondix  MN-31  auto¬ 
matic  direction  finder  lystem 


TIE  LATEST,  IR-TO-THE-IIIIITE  RADIO  AID 
ELEaiOIIC  CATALOG  II  TIE  COWTRY  TODAY  I 


LAFAYETTE  RADIO  CORP. 

901  W.  Jackson  Blvd.  265  Peachtree  Street 
CHICAGO  7,  ILLINOIS  ATLANTA  3,  GEORGIA 


The  Lafayette  Radio  Catalog  No. 
94  will  h9  rushed  to  you  upon 
request.  Fill  out  thk  coupon 
NOW! 


UPATmi  RADIO  cotr. 

fOI  W.  JKluee  Btvd.,  Ckicefe  7,  IN. 

Deal.  ei 

rfeoM  ruih  my  fHEC  copy  of  tho 
Lafayotto  Radio  Cofo/og  No.  94. 


Newest  listings  of  amplifiers,  communkations 
equipment,  radio  tubes,  testers,  etc. 

The  latest  developments  in  biter-communkations 
equipment. 

Greatly  expanded  listing  of  needed  tools,  espe- 
ciaily  for  assembly  and  factory  use. 

Advance  listings  of  1944  radio  and  electronk 
books;  repair  and  replacement  parts;  borgabi 
section  of  values. 


Lafayotto  Radio  Catalog  No.  94.n  A  brand  new,  up-to-the-minuto  Catalog  that 

juMi . y  should  be  in  the  hands  of  industriol  plonts, 

*  laboratories,  government  and  military  servkes, 

. .  . y  schools,  radio  servkemen  ond  dealers  (on  1265), 

_ ‘  ‘ '  ‘  ‘  ‘ . U  everybody  engaged  In  vital  war  and  dvilian  work. 
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appropriate  amount.  Then  when  the 
48-cycle  signal  diminishes  as  the  nuU 
point  is  being  approached,  a  condi¬ 
tion  is  reached  at  which  the  con¬ 
ducting  tube  is  cut  off.  This  will  oc¬ 
cur  before  the  control  signal  reaches 
zero,  and  as  a  result  the  motor  will 
coast  (but  with  rapid  damping)  to 
the  null  point.  The  exact  adjustment 
of  R,  is  not  important  because  of  the 
fact  that  if  the  loop  stops  short  of 
the  correct  position,  the  d-c  bias  ap- 
pearing  across  Ca  will  fall  to  zero  io  a 
very  short  interval.  Then  if  there  is 
a  control  signal  from  Ti  still  present 
on  the  grids,  the  motor  will  start  up 
again  and  go  to  the  proper  rest  point 

Beariag  ladicafer  Systen 

Indication  of  loop  position  is  given 
by  means  of  a  self-synAronous 
transmission  system.  Mechanically 
connected  to  the  loop  is  Autosyn 
transmitter  MO»  (upper  left  in  Fig. 
20) .  At  the  indicator  itself  is  a  sim¬ 
ilar  unit,  receiver  MO4.  The  rotor 
windings  of  these  two  units  are  con¬ 
nected  in  parallel  across  the  400- 
cycle  supply.  The  phase  windings, 
denoted  by  <f>,  and  <f>t  in  Fig.  20  or 
the  simplified  circuit  of  Fig.  28,  are 
interconnected.  Then  if  the  two  ro¬ 
tors  do  not  occupy  the  same  relative 
angular  position,  currents  will  be  set 
up  in  the  phase  windings  in  a  manner 
to  develop  a  restoring  torque  and  to 
bring  the  indicator  unit,  MO«,  to  the 
correct  position.  The  angular  ac- 


Insure  Perfect  Communications 


There  can  be  no  ''second  best”  with  aerial  suprem¬ 
acy  defending  on  perfect  communications.  Far 
above  every  battle  ground  and  sea,  Permoflux 
Dynamic  Headphones  are  serving  better  than 
any  headphones  ever  did  before.  Their  rugged 
'mechanical  design  and  construction,  their  extreme 
(sensitivity  and  wide  frequency  response,  insure 
^a  standard  of  instant  intelligibility  that  places 
Permoflux  at  once  first  and  best  always. 

BUY  WAR  BONDS  FOR  VICTORY/ 


TORPEDO  BOAT  RADIO 


British opsraior  and  his  sqnip* 
msnt  on  a  motor  torpodo  boot  Thsas 
Uttlo  boats  holp  protect  conroys  In  tho  Eng¬ 
lish  Chonnol  from  Gorman  E-boots  and 
G<dlotboats 
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SEND  FOR  THESE  NEW  BOOKLETS  TODAYI 


Whether  it’s  a  problem  of  stepping  up  d-c  power . . . 
ducing  core  assembly  time . . .  locating  the  right  high- 
‘quency  insulators  or  high-voltage  d-c  capacitors  in 
hurry,  you’ll  find  the  answer  in  these  new  Westing- 
use  publications.  Complete  listings  of  sizes,  weights 
d  dimensions,  together  with  application  guides 
ke  these  booklets  an  invaluable  aid  in  designing 
ordering. 


These  are  only  four  examples  of  the  help  that 
estinghouse  can  offer  in  the  design  and  manufacture 
communications  equipment 


Other  helpful  publications  are  available  on 

•  Micarta  insulating  parts  •  Instruments 

and  materials  •  Rectox  rectifiers 

•  Thermostats  •  Relays 

•  Contactors 

Whatever  your  problem,  Westinghouse  Communi¬ 
cations  Equipment  and  Commimications  Specialists 
can  help  you  find  a  quick  solution.  Call  on  Westing- 
house  for  help.  Ask  for  the  booklets  you  want  from 
your  Westinghouse  representative,  or  write  Westing- 
house  Electric  &  Mfg.  Co.,  East  Pittsburgh,  Pa, 
Dept  7-N.  J-<h613 


^^ote  14,000 

CONNECTOR  ITEMS  • 
NOW-EACH  A  STANDARD 
CANNON  PLUG 


curacy  of  such  a  data  transmission 
system  is  of  the  order  of  =fcl  deg. 
since  most  of  the  fixed  residual  er¬ 
rors  of  a  given  installation  may  be 
corrected  by  means  of  a  mechanical 
compensator.  Power  supply  for  the 
indicator  unit  and  for  the  motor  con¬ 
trol  circuits  is  derived  from  a  rotat¬ 
ing  machine,  a  400-cycle  inverter. 

Mechanically  interposed  between 
the  loop  with  its  motor  drive  and  the 
self-synchronous  transmitter,  M0„  ii 
a  mechanical  compensator.  It  shows 
the  point  of  connection  of  the  Auto- 
syn  shaft  and  the  correction  means. 
This  latter  consists  of  a  series  of  ad¬ 
justing  screw’s  spaced  at  16-deg.  in¬ 
tervals  around  the  periphery.  These 
may  be  set  to  insert  at  each  of  these 
points  as  much  as  =t=26  deg.  of  angu¬ 
lar  displacement  between  the  loop 
and  the  Autosyn  unit.  The  correction 
scale  indicates  directly  this  compen¬ 
sation.  This  may  be  contrasted  with 
the  method  used  in  the  Mark  I  direc¬ 
tion  finder,  where  a  cam  is  cut  to  give 
1  he  required  correction.  In  the  MN-Sl 
I  unit  the  compensator  adjustment 
I  screws  act  to  displace  radially  a  flex- 
jible  tape,  against  which  a  cam  fol- 
'  lower  presses.  Thus  quadrantal  or 


Cannon  has  developed  and  built  countless 
specialized  conneaors  to  meet  the  specific 
needs  of  many  industries  including  aviation, 
radio,  power  and  motion  pictures. 

Today  these  once  special  items  are  Stand¬ 
ard  Cannon  Plugs.  They  are  available  in 
many  variations  for  any  industry  that  has  a 
problem  in  complex  and  concentrated  wiring. 

If  you  have  a  comer  to  cut  or  a  schedule 
to  beat  in  the  radio,  instrument  or  general 
electrical  fields  it  is  more  than  likely  that  a 
Cannon  Conneaor  will  meet  your  special 
n^s.  Write,  telling  us  your  problem,  and 
we  will  supply  catalogs  and  bulletins 
explaining  the  Cannon  line  in  detail. 


BRITISH  LINK  TRAINER 


Connon  Electric  Development  Co.,  Los  Angeles  31,  Calif. 


A  Link  trcdncr  in  action  ot  a  Royal  Naval 
Air  Station. 


Tho  dosk  contoins  an  tlvc* 
tronic  omplifior  that  tho  initructor  noos  to 
conununicoto  with  otudonti  during  blind 
flying  training 


Conodion  Factory  and  Enginooring  OfRco:  Cannon  Electric  Co.,Ltd.,Toronto 


upRiseNTATirts  m  huncipal  ernes  ^consult  your  local  telephone  book 
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Let's  get  together 


As  a  matter  of  fact,  perhaps  we  can  get  to¬ 
gether  now,  but  if  it  happens  we  can’t,  remem¬ 
ber  we  have  a  date  in  and  for  the  future.  When 
we  both  can  keep  it,  you  can  again  take  advan¬ 
tage  of  Anaconda  service  and  the  benefits 
derived  from  the  single  product  control  "from 
mine  to  consumer”  backed  by  years  of  contin¬ 
uous  metallurgical  experience.  - - 

ANACONDA  WIRE  &  CABLE  COMPANY  1  A 

General  Offices:  29  Broadway  .New  York  4  I 
Chicaco  Office:  20  N.Wacker  Drive  6  I 

SmktsJiary  «/  Amacom/a  Capper  Miming  Cm.  ! 

Sales  Offices  in  Principal  Cities  I 


if  you  believe  in  the  future  of  America  as  we 
do,  then  we’re  asking  for  an  appointment  im¬ 
mediately  after  the  victory  has  been  won  . .  . 
when  a  bright  new  era  awaits  us  all. 

Perhaps  we  can  talk  about  a  coil  problem 
. . .  how  thoroughly  we’re  organized  to  help 
you  on  such  a  problem  only  military  censor¬ 
ship  forbids  telling  now.  Or  it  may  be  that 
you  manufacture  your  own  coils  and  will  be  in¬ 
terested  in  discussing  magnet  wire— any  shape 
—any  insulation  your  operations  require. 


This  familiar  trad«>itiark 
fymboiixos  tha 
forts  of  modom  rasoorch 
and  production. 


ANACONDA  WIRE  &  CABLE  COMPANY 
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Dectron  Micro-Dliiraction  Camera 
Electron  BAcroacopy  Bibliography. 

Polycylindricol  Endovilnators  - 

New  Television  System . 

Constant  Regeneration  . 

New  Math  Quarterly . 


Electron  Micro-Diffraction  Carnet 


By  OiiOF  J.  Olson 

The  fibst  electbon  micro-diifrac-  L 

tion  camera  on  this  continent  is  now 

in  operation  at  the  Radiation  Labo- 

ratory  of  Ohio  State  University.  It 

was  designed  and  built  by  youthful 

Dr.  Albert  F.  Prebus,  Canadian-born  i 

electron  optics  scientist.  | 

The  new  instrument  is  a  marked  -  * 

refinement  of  the  electron  diffraction  ng.  i  (l*ft)— PUiroetkm  patton  oI  crystal- 
camera  and  an  extensicm  of  the  range  «>noi<*ai  parttctos  of  kaoBn  producod 

^  *“•  •••ctron  miero-dlffraetlOB  eomora 
of  Vision  of  the  electron  microscope.  pjg^  2  (r^d>t) — Colloidal  porScloa  of  kaolin 

In  the  new  instrument,  a  fine  beam  mognifiod  30,000  UmM  by  tho  oioctron 

of  electrons  is  adjusted  to  strike  a  inicro«»po  eomora 

selected  microscopic  area  or  a  single  ■tjig  patterns  photographed  with  it 
structure  in  the  specimen.  By  switch-  provide  information  which  is  only  a 
ing  on  and  controlling  the  strength  statistical  average  for  all  of  the 


Dr.  Probas  focnoot  bio  olodron  microdS 
fraction  camera.  Tho  oioctron  microacop* 
Comoro  is  tho  cylindrical  block  tabs  at 
tho  boso  of  tho  instnimont.  while  near  hh 
hood  Is  tho  (Uffraction  camera.  The  toom 
of  tho  oioctron  boom,  o  tungsten  ftlamtm 
is  at  tho  top  of  tho  ossombly 


structures  in  an  entire  specimen. 
Since  no  specific  area  or  specimen  in 
the  area  can  be  selected,  magnified 
and  studied  (as  in  the  new  instru¬ 
ment  by  using  the  magnetic  electron 
lens),  erroneous  conclusions  often 
crop  up  regarding  a  given  substance 
due  to  the  presence  of  contanifrntion 
or  an  unanticipated  structural  form. 

The  two  photographs  with  this  »r- 


SIGNAL  CORPS  AT  IRE 


t  I 

.  P 


However,  the  electron  diffraction 
camera  was  developed  without  the 
use  of  magnetic  electron  lenses  and 


A  portion  of  tho  Army  display  of  capturod  onomy  oqnipmont  shown  at  dis 
Fall  mooting  of  IRE  In  tho  lobby  od]olning  tho  auditorium  of  tho  Hotel 
Sagomoro,  Rochostor 


■ 


210 


January  1944  —  ELECTRON!* 


^ECTROI 


c 


ao-dH* 

KD  bk 

•omci 


'he  GISHOLT  Type 


Dynetnc  Balanang 


Machine  quickly  and  accurately  measures  and  locates 


the  amount  of  unbalance  in  rotating  parts  sudi  as 


fans,  generator  and  motor  armatures,  pump  rotors 


and  crankshafts. 


Send  for  Catalog  and  Engineering  Manual  No.  40 


Write  on  company  letterhead  for  helpful  96-page 
guide  in  the  selection  and  application  of  rh^stats, 
resistors,  tap  switches,  chokes  and  attenuators. 
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Vibrations  as  small  as  .00002 5^'  caused  by  an  un¬ 
balanced  part  generate  a  voltage  in  the  electrical 
system  directly  proportional  to  the  amplitude  of  the 
vibrations.  Tliis  voltage  is  greatly  amplified  to  ob¬ 
tain  distinct,  reliable  readings. 

Two  Ohmite  Rheostat-Potentiometers  are  em¬ 
ployed  in  the  amplifier  to  give  an  accurate  adjust¬ 
ment  of  the  current  generated.  They  make  possible 
quick,  easy  adjustment  of  the  electrical  system  to 
show  the  exact  location  of  the  unbalance  and  the 
amount  of  correction  necessary.  An  Ohmite  Model 
"J”  (Knob  "A”)  is  used  for  fine  adjustments. 


OHMITE  MANUFACTURING  COMPANY 

4816  WEST  FLOURNOY  STREET  •  CHICAGO  44.  U.  S.  A. 


Ohmite  Model  ’*L”  (Knob  "B”)  for  coarse  adjust¬ 
ments. 

This  is  another  example  of  the  contribution  of 
Ohmite  Rlieostats  to  precision  accuracy  in  a  wide 
variety  of  applications.  Their  time-proved  design 
and  construciion  insure  permanently  smooth,  close 
control.  Ther,;  are  ten  wattage  sizes  from  25  to  1000 
watts,  in  straight  or  tapered  winding,  in  single  or 
tandem  units.  Ohmite  Engineers  are  glad  to  assist 
you  on  any  problem. 


alternately  to  one  or  the  other  end 


tide  were  taken  by  the  new  instru 
ment.  They  are  of  kaolin  clay,  used  plate  so  that  their  free  ends  do  engineering,  and  his  published  worh 
extensively  in  the  manufacture  of  not  quite  reach  the  other  end  include  two  feature  articles  in  Eii^. 
fine  porcelain.  plate.  The  arrangement  is  equiva-  TRONics  on  the  Kathetron,  an  ex- 

Figure  2  shows  colloidal  particles,  lent  to  a  number  of  coaxial  lines  con-  temal-grid  control  tube  on  which  h 
taken  with  the  electron  microscope  nected  in  series,  each  of  which  is  was  granted  five  patents, 
camera,  magnified  30,000  times.  The  formed  by  the  outer  surface  of  a  Although  the  proposed  new  sys. 
white  line  represents  the  magnifica-  cylinder  and  the  inner  surface  of  tern  of  television  has  not  been  coik 
tion  of  a  particle  that  actually  meas-  the  next  larger  cylinder.  The  me-  structed  yet  in  its  entirety.  Dr.  Cra^ 
ures  125,000  of  an  inch.  Figure  1  chanical  and  electrical  advantages  of  stated  that  parts  of  the  system  had 
shows  the  diffraction  pattern  of  the  the  system  over  an  ordinary  resonant  been  built  and  tested  individu^ 
same  crystalline  colloidal  particles,  as  line  are  pointed  out,  and  methods  are  with  satisfactory  results, 
captured  by  the  electron  micro-dif-  suggested  for  designing  a  system  The  description  of  the  Craig  sys- 
fraction  camera.  with  a  given  diameter  of  the  outside  tern  as  set  forth  here  wras  prepaid 

The  new  instrument  is  the  third  cylinder  so  as  to  obtain  the  lowest  by  Dr.  Craig’s  assistants  to  set  forti 
electron  microscope  that  Dr.  Prebus  decrement  for  the  greatest  stabiliz-  basic  principles  only,  and  is  not  in- 
has  designed  and  built  at  Ohio  State  ing  effect.  tended  to  be  a  complete  analysis  of 

since  his  arrival  three  years  ago.  He 
now  is  building  an  instrument  that 
is  intended  to  be  a  further  refinement 
of  the  instrument  described  in  this 
article. 


New  Television  System 

_  .  .  .  ,  .  •  Basic  Concept  of  System 

Invention  of  an  electronic  television 

system  that  transmits  the  equivalent  In  the  sending  equipment,  light 
of  an  entire  image  at  all  times,  with  incident  upon  an  elementary  area  of 
scanning  being  employed  only  at  the  a  photosensitive  screen  in  one  end 

of  a  camera  tube  causes  electrons 
to  be  emitted  in  number  proportional 


receiver,  was  announced  recently  in 
New  York  City  by  Dr.  Palmer  H. 

Craig,  head  of  the  Department  of  to  the  intensity  of  the  light.  The« 
Electrical  Engineering  at  the  Uni-  electrons  ionize  gas  in  the  tube  di¬ 
versity  of  Florida,  Gainesville,  Fla.  rectly  behind  this  elementary  area. 

The  required  band  width  for  video  The  positive  ions  formed  are  in  turn 
in  the  Craig  system  is  60  kc  or  less,  caused  to  travel  in  a  narrow  beam, 
according  to  the  announcement,  at  a  definite  velocity  determined  by 
which  means  that  the  system  could  their  mobility  through  a  serie 
utilize  carrier  frequencies  near  the  of  equally  spaced  electro-magnetic 
present  broadcast  band,  with  cor-  pickup  loops. 

responding  large  coverage  and  net-  If  this  beam  of  ions  is  intermittent 
work  operation.  it  will  cause  induced  voltage  of 

Dr.  Craig  already  has  to  his  credit  definite  value  in  these  loops,  deter- 
a  number  of  inventions  in  the  fields  mined  by  their  geometry  and  thi 


Amplifier 


Polycylindrical  Endovibrators 

A  MULTIPLE  RESONANT  LINE  that  con¬ 
sists  of  a  cylinder  with  two  end 
plates  and  contains  a  number  of 
coaxial  cylinders  mounted  inside,  is 
described  by  M.  S.  Neyman  in  Izves- 
tia  Elektroprom.  Slab  Toka,  No.  2, 
1940  and  abstracted  in  the  August 


Modulator . 

R.F.Amp. 

1 

1943  issue  of  Wireless  Engineer. 
The  internal  cylinders  are  mounted 


Fig.  I — Construction  details  of  cathode  ray  pickup  tube  used  in  teierision 
camera  of  Craig  system 
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Doubling  performance  value  is  the 
basic  feature  of  this  new  Reiner 
Electronics  instrument.  The  model 
556  oscilloscope  is'  made  with 
built*in  Voltmeter  and  other 
unique  features.  It  is  a  single  unit 
that  can  do  the  work  of  two. 
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This  5"  oscilloscope  is  made  for 


work  with  higher  frequencies  as  well 


as  standard  ones. 


The  sweep  oscillator  ranges  from  20 


cycles  to  I  MC. 


The  horizontal  and  vertical  ampli 


fiers  have  a  flat2MC  frequency  range 
There  is  a  6  MC  Z  axis  amplifier. 

There  is  direct  connection  to  the 
deflection  plates  on  the  front  panel. 

Complete  with  tubes,  $455 JX).  Rea¬ 
sonable  delivery  on  properly  certified 
orders.  For  bulletins  about  this  and 
other  Reiner  precision  instruments 
write  to  Reiner  Electronics  Company, 
152  West  25th  St.,  New  York  I,  N.  Y. 


ELECTRONICS 


d^efui 

on  tUU  pe^^ciion 

YOU  CAN  DEPEND  ON  IT,  TOO! 

^  * 

I^rfection  is  what  counts  in  a  crystal.  And  per¬ 
fection  comes  only  through  painstaking  wore— 
plus  constant  research  to  develop  better  and  yet 
better  methods  of  production. 

At  Scientific  Radio  Products  Company  we’re 
developing  those  'better  methods.  New  methods 
of  etching,  edging,  mechanically  tvvpibling  ci^s^ 
tals  into  frequency  ...  all  ainfed  at  producing 
a  better  finished  crystal  at  lower  cost. 

Our  armed  forces  get  most  of  those  perfect 
crystals.  But  we  can  handle  your  important 
needs,  too  ...  on  special  order.  Write  us  if 
we  can  help. 


Scientific  Radio  Products  Co. 

tiOMirmsoM  .w90fO  f .  m.  jh»h«  .  www 

738  W.  BROADWAY,  COUNCIL  BLUFFS,  IOWA 

HANUrACTURIRS  OR  RIUO  ILiCTRIC  CRTSTAU  ANO  AMOCIATtO  iOUIPMINT 


A  portobl*  cmpUitor  cmd  telf-contcdo< 
bcrttvriM  permit  tUt  elcctionlc 
to  bo  oaod  onywhoro  for  Bound  le'njoir 
moot.  A  product  of  Oporadio  Mfg.  Co« 
unit  bos  tbo  somo  spodflcotlona  out!inf 
on  page  125  of  NoTombor  ELECTBONII' 
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Hetaya  tor  the  Eleetronie  Aye 
ofTomorw^tr  areBattieEroven 
•,iftl^SI^^Veterott8  ot  Today 

BO  is  a  compactly  designed  2  pole' 
DC  2V4  watt  relay;  equipped  with 
a  semi 'balanced  armature;  with* 
stands  vibration  to  12  G;  operates 
at  temperotxues  of  -f-  70®  C.  or  —  50® 
C.;  resists  corrosion;  weighs  4 
ounces;  measures  V/%  by  IH  by 
1-17/32  inches;  standard  is  double 
pole  double  throw  and  rated  15  am¬ 
peres  at  24  volts  DC  or  1 10  volts  AC. 


AMraUB  RISiSTANCf 


vom 


BJ  is  a  smaU  and  compactly  de¬ 
signed  2  watt  relay;  equipped  with 
a  semi-balanced  armature;  with¬ 
stands  vibration  to  12  G;  operates 
at  temperatures  of  70®  C.  or  —  50* 
C.;  weighs  2V^  ounces,  measures 
2-5/16  by  1-9/16  by  25/32  inches; 
con  be  supplied  in  various  contact 
arrangements,  standard  is  double 
pole  double  throw  cmd  rated  5  am¬ 
peres  at  24  volts  DC  or  1 10  volts  AC. 


It  MODEi  ij  py 


vgiTS 


.••‘Vi 


0.035  I  1600. 


ilK  tt  Ad  are  featherweight  1  watt 
relays;  weigh  only  50  grams,  meas¬ 
ure  1-3/16  by  1%  by  15/16  inches; 
contacts  handle  5  amperes  at  24 
volts  DC  or  110  volts  AC  single  pole 
double  throw. 

Model  AS  is  insulated  from  frame 
. . .  otherwise  identical  to  model  AR. 

AN  A  ANS  are  power  relays  with 
3V^  watt  coils;  eqxiipped  with  semi- 
bolanced  armatures;  withstand 
vibration  to  12  G;  operote  at  tem¬ 
peratures  of  70*  C.  or  —  50®  C.; 
weigh  9  ounces;  measure  214  by 
214  by  1-31/32  inches;  standard  is 
single  pole  single  throw  normally 
open  double  break  and  rated  50 
amperes  at  24  volts  DC. 

Model  ANS  has  special  alloy  con¬ 
tacts  to  handle  75  amperes  DC  .  .  . 
otherwise  identicol  to  model  AN. 


Abo  ro«iStly  •voilablo  for  AC. 
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to  the  light  image  impressed  on  the 
sending  photoelectric  surface.  These 
single  frequencies  are  removed  one 
at  a  time  by  a  beat  oscillator  and 
crystal  filter.  The  amplitude  of  the 
wave  determines  the  intensity  of  the 
light  given  out  from  the  elementary 
area  of  the  reconstructed  image,  and 
the  frequency  of  the  wave  determines 
the  position  of  each  elementary  area. 

Operation  of  Transmitter 

The  transmitter  analyzes  the  en¬ 
tire  picture  area  substantially 
instantaneously  and  transmits  a  com¬ 
plex  wave  on  each  analyzing  opera¬ 
tion,  the  wave  being  made  up  of 
component  waves  having  different 
frequencies  determined  by  the  ele¬ 
mentary  image  areas  which  are  il¬ 
luminated  at  any  given  instant.  The 
transmitter  does  not  scan  the  image 
in  the  usual  way,  but  each  elementary 
area  of  the  image  to  be  transmitted 
acts  simultaneously  with  the  other 
elementary  areas  to  establish  separ¬ 
ate  component  waves  of  a  frequency 
dependent  upon  the  position  of  the 
corresponding  elementary  area  in  the 
image  area,  the  amplitude  of  each 
component  wave  being  dependent 
upon  the  degree  of  illumination  of 
the  corresponding  elementary  area. 
The  analyzing  operation  is  repeated 
periodically  at  a  rate  of  sixteen  times 
per  second  or  higher,  that  is,  a  rate 
sufficient  to  secure  the  illusion  of 
continuous  change  in  the  reproduced 


In  Physics#  the  definition  of  the  word  balance,  in 

brief,  is:  “/o  be  in  equipoise.'*  And  in  the  EICOR 

lexicon,  that  versatile  word  has  a  similar 

meaning.  It  designates  one  of  the  most  important  operations 

in  the  building  of  fine  motors  and  dynamotors. 


PAINTING  CU-O  DISCS 


Precision  balancing  is  a  **must”  at  eicor. 

Every  armature  is  tested  on  equipment  that  is  accurate  far 
beyond  the  perception  of  human  hands  or  eyes;  adjustments 
are  then  made  in  accordance  with  these  test  readings, 
to  the  preciseness  of  the  weight  of  a  human  hair.  But 
such  accuracy  pays,  for  it  is  a  vital  factor  in  ^ 
producing  the  quiet,  long-lived  rotary  units  . 
bearing  our  name  .  .  .  units  which  today  , 
serve  the  Armed  Forces,  and  tomorrow 
will  best  serve  your  peacetime  needs. 


Applying  colloidal  grophlto  solution  (Aqua- 


dag)  to  discs  for  coppor-oxide  roctifiers  with 
a  brush  whilo  tho  discs  aro  rotatod  by  on 
•loctric  motor  ot  a  Westinghouso  plant.  Th« 
solution  roducM  contact  resistance 
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Let  u$  "pinch-hit" 
on  your  next  spocini 
production  run 


For  some  of  America’s  largest  manuEiaurers 
we’ve  been  pinch  hitting  for  the  past  fifty- 
five  years.  Our  carefully  developed  facilities 
and  advanced  techniques  in  mechanical  and 
electrical  manufacturing ...  from  fabrication 
through  assembly  and  final  testing . . .  can  go 
to  bat  for  you,  too. 

If  you  are  facing  excessive  tooling-up  costs; 
more  floor  space;  additional  labor,  specialized 
requirementS“”let  Lewyt  do  it.” 

Savings  in  materials,  production  time  and 
dollars  may  be  chalked  up 
when  you  let  us  talk  with 
you  and  figure  with  you.  48- 
page  booklet  free.  Lewyt  ^ 
Corporation,  6Z  Broadway, 

Brooklyn  11,  N.  Y.  L 


From  cost  oiuminum 
to  sheet  ond  metol  \ 

fobrkotion.  Required  Jr 
tolerances  mointain-  X 
ed.  Critkoi  moteriols, 
production  time  ond  costs 

showed  big  savings 


14,600 -hole  steam  and  water  Separa¬ 
tor  for  locomotives  formerly  cost  ond 
drilled.  Redesigned  by  iewyt  for  sheet 
metol  fabrication,  punched  and  welded 

eliminating  die  costs 


Complicoted  inspection 
instrument  for  military 
use.  Chassis,  wirings 
^nd  hook-up  under  one 
roof  with  exceptionally 

complete 
testing  facilities 


^?t2S  mHitory  pianos  owoHing  aluminum  super- 
chorger  control  hondies.  lewyt  designed  one 
of  steel  for  greoter  strength,  lower  cost  and  q 

much  quicker  production 


LET  LEl/VVT 
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CHERRY  BLIND  RIVETS 


CHERRY  BLIND  RIVETS  are  ideal  for  riveting  tubing  to 

elbows,  brackets  or  other  tubing.  Here,  short  length  Cherry  Rivets  are 

headed  on  the  inside  of  the  tubing. 

The  Cherry  Rivet  is  a  mechanical  blind  rivet  headed  by  means  of  a 
mandrel  passing  through  it.  A  gun  exerts  a  pulling  force  on  the  man¬ 
drel,  expands  the  shank  of  the  rivet  and  forms  a  tulip  head  on  the 
blind  side,  the  head  on  outside  conforming  to  the  radium  of  the  tube. 

If  you  need  to  speed  up  war  jobs  or  are  planning  new  products,  get 
the  complete  story  on  Cherry  Rivets  now.  See  how  they  will  save  time 
and  money.  Give  you  a  better  job  in  many  types  of  applications. 


GET  NEW  HANDBOOK.  Se« 

how  Chorry  Rivets  hove  been 
proved  in  aircraft.  Write  to 
Department  A  -  1 20,  Cherry 
Rivet  Company,  231  Winston 
Street,  Los  Angeles  13.  Calif. 


Cherry  Aivets,  (heir  m»nuftchirt  and  app/icetioe  ere  covered 
hy  U.  S.  PalmttM  issued  end  pending 


-T' Vp  ;■ 

CAL  IF  O  R  N  I  A 


image  at  the  receiving  station. 

At  the  receiver,  the  transmitted 
image  is  reproduced  by  building  up 
the  elementary  areas  with  scanning 
apparatus  which  traverses  each  point 
of  the  image  area  in  the  usual  man¬ 
ner,  but  there  is  no  necessary  rela¬ 
tion  between  the  rate  of  scanning  of 
the  receiver  and  the  rate  of  trans¬ 
mission  of  the  composite  wave  from 
the  transmitting  station.  A  receiver 
is  needed  that  can  be  tuned  to  selec¬ 
tively  receive  any  component  of  the 
complex  wave  within  the  entire  range 
of  frequencies  transmitted.  The  tun¬ 
ing  of  the  receiver  is  varied  simul¬ 
taneously  with  the  scanning  opera¬ 
tion  to  select  the  wave  component 
being  transmitted  by  an  elementary 
area  of  the  transmitter  image  cor¬ 
responding  in  position  to  the  elemen¬ 
tary  area  of  the  received  image  which 
is  being  scanned  at  the  particular  in¬ 
stant  The  scanning  cycle  of  the  re¬ 
ceiver  is  made  sufficiently  high  to 
secure  the  illusion  of  continuous 
change  in  the  reproduced  image. 

Part  of  the  transmitting  tube  is 
shown  in  perspective  in  Fig.  1.  It  is 
provided  with  an  insulating  envelope, 
1,  in  one  end  of  which  is  located  a 
light^ensitive  cathode  LSC  on  which 
an  optical  image  is  formed  of  the  ob¬ 
ject  or  subject  to  be  transmitted,  the 
image  being  formed  by  a  suitable 
lens  system  represented  at  2.  Elec¬ 
trons  are  emitted  from  the  surface 
of  cathode  LSC  in  accordance  with 
the  degree  of  illumination  of  any 


CANADIAN  WOMEN 
“SPARKS” 


Mandnl  is  pulled  into  rivot,  ex¬ 
pands  shank,  forms  head  on  blind 
side.  Mandrol  is  trimmod  flush. 


WOGS,  WlraloM  Oparotora  Groimd,  hare 
a  women's  division  in  Canada.  The  fid 
ops  give  orders  to  RCAF  pilots  in  the  edi 
and  also  instruct  oircroitsmen  in  Moree, 
signalling  aldis  lamp  and  semaphore 
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BALLANTINE 

AC  VOLTMETER 


Although  designed  for  the  usHgeg  of 
peace  thousands  of  these  instruments 
are  now  rendering  conspicuous  warMme 
service  in  Government,  commercial  and 


university  laboratories,  factories  and 
mdutenance  depots  all  over  the 


BOONTON,  NEW  JERSEY 


PHONES 


f 


J^EVELOPED  40  years  ago  to  give  the  best  possible  communica¬ 
tions  to  peace-time  industry,  Murdock  Radio  Phones  have 

been  constantly  improved  and  perfected  _ 

to  meet  the  terrifically  exacting  demands  lUuiTt 

of  war.  Today,  America’s  keenest  radio  I  nil  It 

ears  are  serving  in  foxhole  and  cockpit  SUB’CONTRACTS 
all  over  the  globe.  Tomorrow,  when  Vic¬ 
tory  is  won,  MURDOCK  will  be  ready  Although  we’re  busy,  we 

to  give  the  same  matchless  clarity  and  still  have  facilities  for 

sensitivity— the  same  never-failing  serv-  making  more  Radio 
ice— on  the  peaceful  battlefields  of  com-  p. 


merce. 


Although  we’re  busy,  we 
still  have  facilities  for 
making  more  Radio 
Phones  and  related  parts 
on  a  sub-contract  basis. 
Please  write  us  if  you 
need  outside  manufactur¬ 
ing  aid  in  this  field. 


11 

!« 

*- 

\  U 


A 


Write  for  Catalogue 
and  Full  Information  on 

MURDOCK  RADIO  PHONES 


WN.  I.  MURDOCK  CO 

134  Carter  St.,  Chelsea  50,  Mass. 


particular  point  or  area  of  the  cath¬ 
ode.  The  cathode  LSC  is  faced  with 
a  metal  plate  of  some  thickness, 
drilled  with  closely  spaced  holes  of 
the  size  of  the  elementary  scanning 
area  to  be  used.  These  holes  will  act 
as  a  part  of  the  electronic  focusing 
assembly. 

A  control  grid  3  is  arranged  paral¬ 
lel  to  cathode  LSC.  This  grid  is 
formed  of  a  metallic  plate  of  some 
thickness  having  holes  formed 
therein  corresponding  to  the  various 
elementary  areas  of  the  image  area 
on  cathode  LSC.  The  potential  dif¬ 
ference  applied  between  LSC  and 
grid  3  will  give  the  electrons  emitted 
by  LSC  sufficient  energy  to  obtain 
maximum  ionization  of  the  gas  in 
the  region  just  beyond  grid  3.  Grid 
3  must  be  properly  placed  with  re¬ 
spect  to  LSC  so  that  the  correspond¬ 
ing  holes  in  LSC  and  grid  3  cause 
proper  focusing  of  the  electrons. 

A  series  of  grids  (4,  5,  6)  of  some 
thickness  have  holes  located  to  cor¬ 
respond  with  the  holes  in  grid  3 
and  the  elementary  areas  of  LSC. 
These  grids  are  so  placed  as  to  give 
a  potential  gradient  that  will  main¬ 
tain  the  gas  ions  at  a  definite  deter¬ 
mined  velocity  of  drift,  and  keep 
them  focused  in  a  straight-line 
stream  corresponding  to  each  ele¬ 
mentary  area. 

A  number  of  perforated  plates 
(8,  9, 10)  are  arranged  in  nonparallel 
relation  between  the  collector  plate 


FELT  FOR  WALKIE-TALKIE 


Thia  walki.-ttilki.  w.enra  a  wool  f.lt  otm- 
coot  to  cuahion  it  agoinst  bumps  and 
ahocka.  A  aipp.r  permits  accMS  .to  tha 
controls  lor  operation  in  the  field.  Wool 
felt  is  also  used  inside  to  protect  the  ports 
from  Tibration 
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ELECTRO! 


n  ’bolts  out  of  the 


'H 


l>recisioti-en;iineere(l  products ;  i  xpert 
metnUu  rpiruil  and  enpiuecriup  iidrice; 
^  j)rompt  delirerif  nud  the  tihilitii  to  luect 
ciiierpcnrits ;  top  (pmlitp  at  n  fair  price. 


CALLITE  CONTACTS 

of  refractory  and  precious  metals  — 
any  kind  —  any  shape  —  send  for  C-T 
catalog  No.  152  of  standard  types. 


W- 


Callite  Tuupsten  tipped  electrode 
used  in.  the  ipuitiou  spsteni  nxitle 
l‘!f  Sciutilla  Mapueto  IHrisiou  o.t 
l!>  udix  .Xriatiou  ('orporatiou  tor 
use  in  rreitt  Whitiieu  lu’itints. 


lies 
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LITTELFUSE  Inc 


763  Ong  St  .  El  Monte,  Californio 
4793  Rovenswood  Avc  ,  Chicago  40.  HI 


2  and  the  grid  6.  These  plates  carry 
pickup  loops  described  later.  The 
potential  gradient  between  grid  6 
and  the  plate  will,  on  the  average, 
be  the  same  as  between  grids  4,  6,  6. 
This  will  be  accomplished  by  arrang¬ 
ing  the  necessary  potentials  to  plates 
8,  9,  10.  The  tube  is  filled  with  a 
suitable  ionizable  gas  or  a  small 
quantity  of  mercury  vapor. 

Holes  in  grids  3,  4,  5  and  6  corre¬ 
spond  to  the  number  and  arrangement 
of  the  elementary  areas  in  the  effec¬ 
tive  image  area  of  cathode  LSC.  In 
actual  practice,  these  perforations 
would  be  of  relatively  small  size  by 
comparison  with  the  effective  image 
area  and  would  be  more  numerous 
than  in  the  arrangement  shown  in 
Fig.  1.  In  actual  practice,  the  grids 
might  be  provided  with  perforations 
consisting  of  two  hundred  horizontal 
rows  each  containing  two  hundred 
perforations,  which  would  correspond 
to  40,000  elementary  areas  in  the  ef¬ 
fective  image  area. 

Perforated  plates  8,  9  and  10  are 
formed  of  suitable  insulating  mate¬ 
rial  such  as  glass,  mica,  or  the  like, 
and  each  plate  is  perforated  with  the 
same  number  and  arrangement  of 
perforations  as  grids  8,  4,  etc.  They 
are  of  step-like  construction,  so  that 
the  distances  of  separation  vary 
from  hole  to  hole  vertically  and 
horizontally,  but  lengthwise  along 
the  tube  the  holes  would  be  equally 
spaced  from  plate  to  plate. 

The  transmitting  tube  also  con¬ 
tains  a  series  of  pickup  loops  on 


plates  8 
L,  in  Fi 
tained  b 
portion 
s  film  0 
thick.  1 
insulate 
of  enam 
rial.  Th 


Quick -on  Duct  Connections 
Permit  Easy  Set-Up  of 
**Cold-Starting”  Device 

lURNS  ANY  nPE  OF  OASOLINE 


turns  of 


figuratio 


jinsulatin 
tions  are 
sides,  ma 
dectrical 
dectrical 


toamagr 
of  which 
wound  w 
np  purpe 
electrons 


CLEVELAND,  OHIO-Detaib  of  a 
gasoline  heater  made  by  Hunter  and 
Company  of  this  dty  for  preheating 
aircnfc  engines  quickly  to  starting  tem¬ 
peratures  in  severe  weather  have  re¬ 
cently  been  released  for  general  (Us- 
tribution.  Advanuges  claimed  for  the 
Hunter  device  are  its  lightness,  sim- 
le  ease  with 


Littelfose  Signalette  is  an 
original  improvement  in  sig- 


plicity  of  construction, 
which  it  can  quickly  be  set  up  and  taken 
down,  and  the  fact  that  it  operates  on 
any  type  of  gasoline  at  hand. 

The  Hunter  preheater,  wei^iiog  ap¬ 
proximately  4S  pounds,  delivers  25,000 
B.t.u.  per  hour  and  re-circulates  heated 
air  through  the  engine  bousing  by 
means  of  flexible  duas.  This  makes  it 
j^ssible  to  pump  hot  air  over  a  cold 
engine  in  sufficient  volume  to  bring  it 
to  starting  temperature  in  a  matter 
of  minutes,  even  in  sub-zero  weather. 

Flexible  ducts  are  provided  which 
connect  the  heater  to  the  breather  open¬ 
ings  of  an  engine  cowl,  as  shown  in  the 
illustration.  These  are  so  designed  tbai 
they  can  be  quickly  attached  with  the 
aid  of  a  simple  harness  .provided  witi 
Allowance  is  made  foi 


’  nal  indication  by  light. 

oMw  Radium-active  fluorescent 

mmtmui  vanes,  electrically  energized, 

op«a  to  signal  by  reflected  light,  daylight 
or  artificial,  or  in  total  darkness.  Positive 
indicatiw  in  brightest  sunlight.  Instant 
adaptation  to  airman’s  eyes  firom  cockpit  to 
target.  No  filaments  to  break.  No  necessity 
for  spares.  No  burnouts.  Withstands  tem¬ 
peratures  — 85“  F.  to  160“  F.  Uses  only  ^ 
the  current.  Fits  the  standard  lamp 

mounting  AC42-B3593.  Available  in  6,  12, 
28  y.,  and  115  V.,  A.C.  (fitting  1'  mount¬ 
ing)  for  continuous  operation.  Solder  or 
screw  terminals.  Signal  colors:  Red,  amber, 
white,  green. 

Suggested  Aircraft  Applications: 

LANDING  GEAR  OIL  PRESSURE 

RUNNING  GEAR  RADIO 

OXYGEN  FLOW  FUEL  PRESSURE 

"BOMBS  AWAY" 

Withstands  Shock  in  Industrial  Uses 

Meets  need  never  beftwe  supplied  in  indus¬ 
try — dependable  indication  where  filament 
lamps  are  liable  to  fail  under  shock  and 
vibration.  For  electrical  manufacturing — 
simultaneous  readings  cm  test  equipment 
— railways,  etc. 

SEND  FOR  SIGNALEUE  BULUTIN 

Ask  for  Enginssriiig  data.  Owtiins  nsodt  for 
tost  saoiplss. 

Address  £1  Monte  OAes. 


X-RAY  TUBE  IN  LATHE 


accon 


the  equipment, 
variation  in  sizes  and  types  of  cowL 
Social  hoods  are  available  for  deliver; 
of  heat  to  radial  installations. 

Rapid  heating  and  recirculation  ol 
the  air  within  the  enclosed  area  as^ure^ 
even  heating  of  ail  parts  of  the  eogme^ 
Thus  when  the  intake  manifolds  hav( 
been  brought  to  proper  temperatarei 
the  oil  sump,  cylinders  and  valves  al$(! 


are  preheated  to  a  degree  that  assurei 
piompt  action  of  the  lubrication  systet^ 
wLen  the  engine  starts.  | 

lliis  simple  heater  can  be  detached 


from  the  flexible  ducts  and  set  inside  j 
plane  cabin,  or  used  to  blow  hot  aii 


over  an  area  where  mechanics  are  work; 
ing  in  low  temperatures,  or  for  a  rnm 
ber  of  special  services. 

Complete  information  on  the 
Preheater  may  be  obtained  by  w:itin 
or  wiring  Hunter  &  Co.,  1558  E.  I7il 
Street,  Cleveland,  Ohio. 


Sealing  the  anode  mount  into  a  220-kv 
industrial  x-roy  tube.  An  inert  gas  is 
flushed  through  the  tube  during  tht«  op¬ 
eration  to  prevent  oxidation  of  electrodes 
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plates  8,  9  and  10,  shown  in  detail  at 
Li  in  Fig.  1.  This  design  can  be  ob¬ 
tained  by  stamping  out  the  permalloy 
portion  by  means  of  a  die,  utilizing 
a  film  of  permalloy  about  0.001  inch 
thick.  This  permalloy  design  is  then 
insulated  with  an  extremely  thin  film 
of  enamel  or  similar  insulating  mate¬ 
rial.  The  equivalent  of  turns  of  wire 
around  portions  of  the  permalloy 
pickup  loops  is  obtained  by  electro¬ 
plating  a  metallic  deposit  on  both 
sides  of  the  permalloy  configuration. 

This  electro-plated  equivalent  of 
turns  of  wire  can  be  put  on  by  etch¬ 
ing  both  sides  of  the  permalloy  con¬ 
figuration  with  a  conductor  such  as 
grraphite,  which  has  been  covered  in 
all  parts  not  desired  to  be  electro¬ 
plated  by  means  of  a  very  thin  film  of 
insulating  material.  Exposed  por¬ 
tions  are  then  electroplated  on  both 
sides,  making  sure  that  the  edges  are 
dectrically  continuous  to  form  the 
dectrical  equivalent  of  turns  of  wire. 

Thus,  we  have  what  is  equivalent 
to  a  magnetic  core,  through  apertures 
of  which  the  ions  pass.  This  core  is 
wound  with  turns  of  wire  for  pick- 
ap  purposes,  so  that  if  a  “burst”  of 
electrons  or  ions  passes  through  one 
of  the  apertures,  it  will  induce  in 
the  permalloy  a  magnetic  fiux  and 
this  fiux  will  induce  an  electrical 
emf  in  the  coil  wound  around  the 
permalloy  core.  The  loops  of  ev¬ 
ery  third  aperture  are  connected  in 
series  and  are  in  turn  connoted  auto¬ 
matically  to  the  amplifier. 

Grid  3  is  controlled  in  potential 
with  respect  to  cathode  LSC  so  as  to 
use  the  grid  potential  to  become  al- 
itemately  positive  and  then  negative 
kith  respect  to  the  cathode.  This  may 
|be  accomplished  by  any  suitable 
iharply  peaked  control  circuit  repre¬ 
sented  by  the  a-c  source  between  LSC 
;ind  grid  8. 

The  purpose  of  changing  the  poten¬ 
tial  of  grid  3  from  negative  to  posi¬ 
tive  at  periodic  intervals  is  to  pro- 
uce  “bursts”  or  clouds  of  electrons 
ssing  from  cathode  LSC  through 
fee  apertures  in  grid  3  at  spaced  time 
[intervals.  Successive  groups  of  elec- 
on  “bursts”  are  produced  at  a  rate 
f  the  order  of  sixteen  per  second  or 
igher.  The  electron  streams  passing 
rough  grid  3  ionize  the  gas  in  the 
are  between  grids  3  and  4  and 
use  streams  of  ionized  gas  mole- 
ules  to  pass  through  grid  4,  through 
iates  8,  etc.,  and  to  collector  plate  11. 
Operation  is  as  follows:  During 
he  time  intervals  when  grid  3  is 
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You’ll  Like  This  Quick 
Preheating  for  Trainers 
with  a  Hunter  Low  Cost 
^Xold  Starting^VHeater 

Gets  them  in  the  air  quicker  .  .  .  Bums  any  type  of  gasoline,  from 
truck  fuel  to  highest  octane  •  .  .  Fuel  supply  self-contained  .  .  . 
Compact,  simple  and  dependable  ;  • ;  Can  be  operated  anywhere 
within  reach  of  110  volt  extension  • .  •  Easily  handled  by  one  man 
.  .  •  Can  be  hooked  up  or  stowed  away  in  a  few  seconds  .  .  . 
Delivers  25,000  Btu  per  hr.  .  .  .  Unit  shown  above  specially  de¬ 
signed  for  light  planes.  Other  simple  duct  connections  available 
for  larger  cowls  or  for  radial  installations.  Comes  with  complete  set 
of  ducts  and  harness  for  either  type  of  installation.  •  Investigate 
this  simple  preheater  before  cold  starting  time  losses  interfere 
with  your  contract  operations. 
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negative  with  respect  to  cathode  LSC, 
no  electrons  pass  through  the  grid 
3  and  the  tube  is  inoperative.  During 
the  very  short  “peaked”  intervals 
when  grid  3  becomes  positive  with 
respect  to  the  cathode,  electron 
streams  pass  through  the  apertures 
in  grid  3,  and  the  quantity  of  elec¬ 
trons  in  each  stream  is  dependent 
upon  the  degree  of  illumination  of 
the  image  areas  on  the  cathode 
directly  in  line  with  the  respective 
apertures  in  grid  3. 

The  positive  potential  on  grid  3 
accelerates  the  electrons  towards  the 
grid,  and  the  momentum  acquired  by 
the  electrons  carries  them  through 
the  apertures  of  the  grid  and  into  the 
space  between  grids  3  and  4  where, 
they  strike  the  gas  atoms  and  ionize 
the  gas  by  bombardment.  The  elec¬ 
trons  slow  down  in  this  region  and 
reverse  their  direction  of  travel, 
tending  to  return  to  grid  3  where 
their  charges  are  neutralized.  The 
positive  ions  proceed  towards  grids 
4,  etc.,  and  pass  through  the  aper¬ 
tures  of  these  grids  and  travel  to¬ 
wards  collector  plate  11.  Each  group 
of  positive  ions  passing  through  an 
aperture  in  (me  of  the  pickup  plates 
causes  a  variation  in  the  magnetic 
condition  of  the  core  strip  around  the 
aperture,  and  thereby  results  in  the 
generation  of  a  voltage  pulse  in  the 
pickup  conductor  carried  by  the  core 
strip. 

Accordingly,  any  given  burst  or 
group  of  ions  which  passes  from 
grids  4,  etc.,  through  the  four  pickup 
plates  8,  etc.,  to  collector  plate  11  will 
produce  four  voltage  pulses  in  the 
input  circuit  of  the  modulator,  and 
these  voltage  pulses  will  be  spaced 
apart  by  time  intervals  dependent 
upon  the  distance  of  separation  be¬ 
tween  the  pickup  plates  and  upon  the 
speed  of  travel  of  the  ion  burst. 

With  a  fixed  speed  of  travel  of  the 
ions,  each  ion  stream  passing  through 
the  aligned  apertures  in  these  plates 
will  generate  a  voltage  wave  in  the 
input  circuit  of  the  modulator  having 
a  frequency  depending  upon  the  dis¬ 
tance  between  corresponding  holes  in 
the  pickup  plates.  Thus,  a  burst  of 
ions  passing  through  the  aperture  at 
the  left  end  of  the  plates  8,  9  and  10 
will  produce  a  wave  having  a  fre¬ 
quency  located  at  one  limit  of  the 
frequency  band  of  the  transmitter, 
while  a  burst  of  ions  passing  through 
the  aperture  at  the  right  end  of 
plates  8,  9  and  10  will  produce  a  wave 
having  a  frequency  located  at  the 
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vour  needs  foster  from 
this  one  central  source 


Time  and  again.  Allied  has  saved  the  day 
with  "rush  delivery”  .  .  .  right  from  stock. 
That’s  because  we  carry  the  world's  larg¬ 
est  stock  under  one  roof.  Over  10,000 
electronic  and  radio  items  .  .  .  ready  for 
the  Armed  Forces,  Government,  Indus¬ 
try.  Furthermore,  our  close  contact  with 
all  leading  manufacturers  enables  us  to 
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Our  veteran  staff  does  the  entire  procure¬ 
ment  iob  for  you.  You  deal  with  one  cen~ 
tral  source  .  .  .  instead  of  many.  You  send 
one  order  .  .  .  for  everything  .  .  .  whether 
it’s  an  emergency  or  not . . .  save  time  and 
worry  . . .  call  AlliedySrs/.'  Write,  Wire  or 
Phone  Haymarket  6800. 
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TIIE  SKY  COMES  OOWO  TO  EARTH  ! 


Simulating  actual  conditions  of  flight... take¬ 
off.  climbing,  cruising,  diving.  landin^T^T^ht 
on  the  ground... to  test  propeller  gover/f^rs 
under  all  conditions...  A.  A.  C.  has  developed 
its  Propeller  Governor  Test  Unit.,  Quickly, 
safely  and  accurately. ..  it  tests  propeller 
governors  for  r.  p.  m..  capacity,  pressure, 
leakage,  sensitivity  and  feathering.  Thus,  the 
sky  comes  down  to  earth !  Developed  for 
Army  and  Navy  field  servicing. ..this  A.  A.  C. 
Propeller  Governor  Test  Unit  is  now  em¬ 
ployed  in  aircraft  plants,  engine  plants,  and 
commercial  air  stations.  ...  Once  again. 
"Blueprints  of  Safety”  save  lives,  money  and 
man-hours  .  .  .  helping  further  to  speed 
America  down  the  Victory ‘road!  . 
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other  limit  of  the  frequency  band  of 
the  transmitter. 


Operation  of  Receiver 

One  form  of  receiver  is  illustrated 
in  Fig.  2.  The  incoming  signal  ii 
amplified  by  an  r-f  amplifier,  aod 
the  output  of  this  amplifier  is  mixed 
with  the  output  of  variable-fre¬ 
quency  oscillator  VSO.  This  oscil* 
lator,  synchronized  scanners  HS  and  j 
VS,  and  a  receiving  cathode  ray  tube  i 
form  a  nucleus  of  the  receiving  por-  j 
tion  of  this  system. 

The  horizontal  scanner  draws  the| 
spot  on  the  cathode  ray  tube  from 
the  left-hand  side  of  the  tube  to  the 
right-hand  side  at  some  given  veloc¬ 
ity  and  then  very  quickly  returns  i\  i 
to  the  left-hand  side.  The  vertical 
scanner  draws  the  spot  from  the  top 
of  the  image  tu  the  bottom  of  the 
image  at  some  given  velocity  and 
then  quickly  returns  it  to  the  top. 
The  combination  of  the  two  allows 
the  spot  to  trace  out  say  200  hori¬ 
zontal  lines,  each  having  say  ’00 
picture  elements. 


A  long  time  before  Pearl  Harbor,  Blaw-Knox 
was  working  in  close  cooperation  with  the  U.  S.  Army 
and  other  government  departments  in  the  engineering 
and  development  of  structures  for  use  in  connection 
with  electronics  for  military  puiposes. 


Since  war  was  declared  we  have  devoted  all 
of  the  energy,  skill  and  experience,  of  a  department  in 
our  organization  which  has  specialized  for  many  years 
in  problems  of  this  kind,  to  the  design,  fabrication  and 
timely  delivery  of  many  units  which  we  believe  have 
materially  contributed  to  the  condubt  of  the  war. 


As  a  result  of  these  and  other  activities,  the 
Blaw-Knox  Division  was  presented  with  the  Army-Navy 
"E"  Award  on  July  13,  1943;  the  highest  honor  that  can 
be  given  to  civilian  effort. 


Fig.  2 — Block  diagram  of  plctaro  rocoirtr 
used  kit  Craig  lolorision  tyaUiB 
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’The  experience  gained  will  prove  invaluable 
in  helping  our  friends  in  the  radio  industry  to  solve  the 
many  new  problems  which  they  will  face  as  a  result 
of  wartime  developments. 


both  on  the  same  shaft.  On  this  sair^ 
shaft  there  could  be  mounted  another 
variable  capacitor  which  would  con¬ 
trol  the  variation  in  frequency  o: 
VSO.  J 

The  frequency  of  VSO  is  varied  k 
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fade  Only  By  Micro  Switeh  Corporation  .  ,  .  Freeoort  Illinois 


Micro  Switches  also  play  a  vital  role  in  the  Dependable 
Functioning  of  the  Barber-Colman  Aircraft  Controller 

The  chumb-size,  feather-light  Micro  Switch  is  not  only  an  important  part  of  aircratf, 
tanks,  ships,  machine  tools;  but  it  is  a  vitally  important  part  of  other  parts  which  go 
into  many  important  production  items  today. 

They  are  important  as  limit  switches  In  the  Barber-Colman  Aircraft  Controller  which 
controls  dampers  for  the  governing  of  cabin  temperatures  and  flow  of  air  through 
superchargers,  inter-cooling  equipment,  engine  cowl  flaps  and  tab  control  and  as 
aauating  means  for  the  control  of  vadves  on  various  liquid-carrying  lines.  In  fact, 
Barber-Colman  has  long  used  Micro  Switches  in  Barber-Colman  machine  tools. 


Praaically  every  manufacturer  who  has  once  used  Micro  Switch  in  one  product  in¬ 
variably  extends  the  use  of  it  to  other  products  which  they  manufacture.  This  is 
significant  to  you.  Not  only  now  when  Micro  Switch's  precision,  speed,  long  life 
and  absolute  dependability  are  so  important  in  war  work,  but  equally  significant 
when  small  size,  light  weight,  and  dependable  performance  will  be  equally  important 
for  new  designs. 

With  Micro  Switch  it  is  just  a  matter  of  naming  your  requirement.  Micro  Switch 
can  meet  it.  The  basic  Micro  Switch  requires  a  space  of  only  11/16'  x  27/32'  x 
1-13/16'.  Special  housings  with  a  variety  of  actuators  are  available  for  all  types  of 
applications. 

If  you  have  a  design  that  calls  for  the  unusual  in  precision  switching,  you  can  count 
on  help  from  Micro  Switch.  Write  for  Micro  Switch  Handbook  Catalog  No.  60  for 
full  information  on  Micro  Switch.  If  you  happen  to  be  specializing  in  aircraft  design, 
you  should  also  have  Handbook  Catalog  No.  70. 

Micro  Switch  Corporation.  Fraaport,  niifwia  •  Bxanchaa:  43  East  Ohio  Straat,  Chicayo  (11) 

1 1  Park  Placa,  Naw  York  City  (7)  •  Salaa  A  Enginaaring  Of&cai:  Boston  •  Hartford  •  Los  Angalaa^f^ 
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quencies  in  the  incoming  signal  in 
such  a  manner  as  to  produce  at  all 
times  a  fixed  frequency  to  which  tlie 
selective  filter  SF  is  tuned.  This  is, 
of  course,  providing  that  the  com¬ 
ponent  of  frequency  was  present  in 
the  incoming  signal  which,  when  beat 
with  the  frequency  at  that  instant  of 
VSO,  will  produce  the  frequency  to 
which  SF  is  tuned.  If  the  difference 
between  any  component  of  the  in¬ 
coming  frequency  and  the  frequency 
of  VSO  at  that  instant  is  not  equal 
to  the  frequency  to  which  SF  is  tuned 
it  will  indicate  that  that  particular 
frequency  component  of  the  incom¬ 
ing  signal  was  not  present. 

Since  VSO  is  synchronized  at  all 
times  with  HS  and  VS,  whether  or 
not  the  grid  of  the  cathode  ray  tube 
allows  electrons  to  pass  at  some 
given  position  of  the  spot  due  to  HS 
and  VS  will  depend  upon  whether 
that  particular  frequency  component 
was  present  in  the  incoming  signal. 
If  present,  the  grid  will  allow  elec¬ 
trons  to  pass  at  that  instant,  and  if 
not,  no  electrons  will  pass  in  the 
cathode  ray  tube,  so  that  we  will  get 
a  luminous  spot  on  the  fluorescent 
screen  of  the  cathode  ray  tube. 

SF  will  be  an  extremely  selective 
filter,  such  as  a  temperature-con¬ 
trolled  crystal  filter.  It  is  contem¬ 
plated  that  in  this  system  each  fre¬ 
quency  associated  with  some  given 
spot  will  differ  from  its  neighboring 
spots  or  elements  by  approximately 
one  quarter  of  a  cycle.  Let  us  assume 
for  the  purpose  of  calculations  that 
there  are  40,000  individual  picture 
elementary  areas.  If  there  is  a  one- 
cycle  differentiation  between  each 
adjacent  element,  there  will  be  a 
total  of  40,000  cycles  band  width. 
This  is  40  kc  or  roughly  four  times 
the  bandwidth  now  employed  in  com¬ 
mercial  radio  broadcasting. 

Mathematical  Considerations 

It  can  be  shown  mathematically 
that  the  induced  voltage  in  a  pickup 
loop  is  dependent  upon  the  square  of 
the  approach  ’"^locity  of  electrons  in 
the  beam. 

To  arrive  at  numerical  results,  it  is 
necessary  to  consider  the  area  of  the 
photosensitive  cathode  which  deter¬ 
mines  the  size  of  the  charge  e,  the 
approach  velocity  V  and  the  size  of 
the  loop.  The  larger  the  charge  c, 
the  greater  will  be  the  induced  volt¬ 
age  E. 

Assume  a  cathode  3  feet  by  2  feet 
If  there  are  to  be  240,000  picture  ele- 


Ingenious  New 

Technical  Methods 

Presented  in  the  hope  that  they  will 
prove  interesting  and  useful  to  you. 


Beryllium  Copper  Bites  Into  Steel 


It  is  an  old  saying  that  when  a  dog  bites  a 
man  it  is  not  news,  but  when  a  man  bites  a 
dog  it  is  news.  That  being  the  case,  it  is  cer¬ 
tainly  news  when  copper  bites  into  steel. 
Copper  is,  of  course,  one  of  the  softer  metals 
but  when  2  percent  beryllium  is  added  to  cop¬ 
per,  its  characteristics  are  changed.  The  alloy 
is  heat  treatable  which  explains  the  remark¬ 
able  strength  and  hardness.  Hit  a  chisel  made 
of  Beryllium  Copper  with  a  hammer  and  it 
will  bite  into  steel  without  dulling  the  edge. 
Tools  made  of  Beryllium  Copper  are  non¬ 
sparking  and  therefore  are  used  in  ordnance 
plants,  oil  refineries  and  other  places  where 
explosions  may  occur  from  sparks  off  steel 
tools.  Tensile  strength  as  high  as  200,000 
lbs.  psi  can  be  obtained  with  Beryllium  Cop¬ 
per;  hence,  it  is  used  for  many  applications 
where  resistance  to  high  loading  and  impact 
fatigue  are  important,  such  as  airplane  motor 
bushings.  Most  of  the  critical  springs  and 
diaphragms  used  in  aviation.  Navy  and  Signal 
Corps  instruments  are  made  of  Beryllium 
Copper  because  of  its  reliability  as  a  spring 
material. 

We  hope  this  has  proved  interesting  and 
useful  to  you  just  as  Wrigley’s  Spearmint  Gum 
is  proving  useful  to  millions  of  people  work¬ 
ing  everywhere  for  victory. 


Man  hat  triad  for  agat  to  ro- 
ditcovor  tho  art  of  hordoning 
coppor.  Today  Hiit  con  bo 
dona  by  adding  to  coppor  a 
tmall  porcantoga  of  boryllium. 


Not  only  doot  it  produca  on 
alloy  hardor  than  tomparod 
stool,  but  ono  that  doot  not 
produco  tparkt,  on  ottontial 
whon  working  noor  highly 
combuttiblo  matorialt. 


You  can  get  complete  information 
about  these  tools  from  the  Beryllium 
Corporation,  Reading,  Pennsylvania. 


January  1944 — ELECTRONICS 


^A  perfot**'*®  w^ebstet  _?«e  apP^'* 

&«“"?’;;«>*“•  "j  SstSw 

?r»Sv:sr;«r‘‘'“"' lj» 


Webster  Products  also  makes 

Dyoamotors,  Generator^,  InTcrters, 
Small  Motors  and  Special  Instruments. 


MfEBSTER 


3825  W.  ARMITAGE  AVE. 


lb 


PRODUCTS 

CHICAGO  47,  ILLINOIS 
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HEADSETS 

and  TRANSFORMERS? 


Consolidated  Radio  Products  Company  facilities 
are  turning  out  huge  quantities  of  electronic  and 
magnetic  devices  for  use  on  the  world  battle- 
fronts.  Ingenious  mass  production  methods  can 
supply  additional  quantities  of  headsets  and  trans¬ 
formers  to  contractors  and  government  agencies. 


Consolidated  radio 

3  50  W.  tRII  ST.,  C  H  I  C  AG  O  10,  I  LL. 


'  ments,  there  will  be  600  in  each  row 
I  and  400  down  each  column.  That  is, 
there  will  be  200  perforations  per 
foot  in  the  pickup  grids,  or  12  x  2.54/ 
200  equals  0.1524  cm /perforation  or 
loop. 

In  general,  the  equation  for  the 
current  from  one  picture  element 
may  be  expressed  as  /  =  SE^,/N 
microamperes,  where  S  is  the  lumi¬ 
nous  sensitivity  in  microamperes  per 
lumen,  E,  is  the  illumination  in  foot- 
candles  falling  on  the  picture  ele¬ 
ment,  A,  is  the  area  on  the  camera 
plate  in  square  feet,  and  N  is  the 
total  number  of  picture  elements. 
Now  if  30  complete  pictures  are  to  be 
transmitted  each  second,  taking  into 
consideration  the  spacing  between 
pulses,  the  current  will  flow  for  ap¬ 
proximately  1/60  sec.  Therefore  the 
charge  e  which  will  flow  from  each 
picture  element  during  one  pulse  is 
e  =  (SE,A,/N)dt  =  SE^,/Nb(i 
microcoulombs. 

The  illuminous  sensitivity  is  gen¬ 
erally  in  the  order  of  60  micro¬ 
amperes  per  lumen,  and  the  plate 
illumination  about  1  foot-candle  (cf. 
Fink’s  "Principles  of  Television 
Engineering”).  Using  these  figures 
the  actual  charge  emitted  from  one 
picture  element  during  one  pulse  is 
e  =  (60)  (1)  (6)7(240,000)  (60)  x 
lO"*  coulombs  =  2.6  x  10'*  coulombs. 

This  will  be  the  electronic  charge 
emitted  from  the  photosensitive 
cathode.  It  will  produce  about  26 
times  as  many  positive  ions  through 
gaseous  amplification,  which  is  de¬ 
scribed  in  Dow’s  "Fundamentals  of 
Engineering  Electronics.”  Therefore 
the  charge  which  will  approach  the 
aperture  of  the  pickup  loop  will  be 
of  the  order  of  6.26  x  lO'*  abcoulombs. 
Obviously  it  will  not  be  a  point 
charge  as  considered  previously,  but 
assuming  a  spherical  distribution  of 
charge,  the  effects  will  be  essentially 
the  same  as  if  the  charge  were  con¬ 
centrated  at  a  point  at  the  center  of 
the  charge. 

Before  calculating  the  actual  voU- 
age  induced  in  the  loops,  we  must 
consider  the  permeability  of  the 
magnetic  part  of  the  loop,  and,  most 
important,  the  approach  velocity  of 
the  charge. 

The  maximum  permeability  of  ^ 
permalloy  is  given  as  100,000  in 
"Standard  Handbook  for  Electrical 
Engineers,”  Seventh  Edition. 

The  mobility  of  argon  ions  in  the 
range  of  pre.ssures  and  fields  com- 
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For  your  children's  sake 
For  your  family’s  sake 
For  your  own  sake 

—  FOR  GOODNESS  SAKE  ^  " 

Buy  War  Bonds  Now  —  to  Your  Limit! 


..COMMUNICATfO 


Electroneering  is  our  business 
THE  RAULAND  CORPORATION  .  .  .  CHICAGO,  ILLINOIS 

'iy  War  Bonds  and  Stamps?  Rauland  employees  are  still  investing  10%  of  their  salaries  in  War  Bonds 
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monly  used  is  about  30  cm/sec/volt/ 
cm.  Assuming  an  average  potential 
gradient  of  60  volts/cm,  the  velocity 
of  approach  will  be  about  1500 
cm /sec. 

We  are  now  in  position  to/ use 
these  values  to  calculate  the  raw. 
Imum  voltage  induced  in  the  loop. 
Considering  each  loop  as  being 
wound  with  ten  equivalent  turns, 
and  substituting  this  and  the  other 
numerical  results  in  the  voltage 
formula,  we  calculate  the  maxiraum 
Induced  voltage  to  be  67.6  micro¬ 
volts.  This  is  well  above  the  random 
noise  level. 


Constant  Regeneration 

Uniform  regeneration  over  a  wid 
band  of  frequencies  may  be  obtainec 
by  use  of  the  circuit  shown  in  thti 
diagram.  This  is  accomplished  bv 
using  one  vacuum  tube  as  an  ampli¬ 
fier  and  another  tube  in  a  separate 
feedback  circuit,  instead  of  combin 
ing  both  functions  in  one  tube  in  ths 
conventional  manner.  The  circuit  ap 
pears  in  a  patent  abstract  in  Wire¬ 
less  World  (British)  for  July,  1943 
The  plate  circuit  of  VTt  contair- 
a  tuned  circuit  which  is  shunted  bo 
two  capacitors  C»  and  C*  in  series 
The  cathode  of  VT,  is  connecte: 
through  a  resistance  R  to  &  point  bo 
tween  the  two  capacitors,  while  \h 
r-f  circuit  to  the  grid  is  complete: 
through  resistor  R  and  capacitor 
C„  Ci,  and  Ct. 
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This  drciiit  •mploys  on*  tub*  for  ampaika- 
tion  and  anothor  for  r*g*n*ration  to  oblakj 
uniform  r*g*n*ratlT*  oporotion  ov*r 
wid*  bond  of  froquonci** 

Feedback  in  the  plate  circuit  il 
provided  by  capacitor  C,.  Capacitor! 
C,  and  C»  thus  couple  the  resonar: 
circuit  of  VTt  to  the  grid  of  VTt 
well  as  provide  feedback  for  VTi  t 
regenerate  the  signal  energy. 

Constant  gain  over  a  wide  band  o 
frequencies  is  maintained  by  tnninj 
the  resonant  circuit  with  a  powd<  rei 
iron  core  to  preserve  a  constant  rati 
of  inductance  to  resistance  over  th 
frequency  range. 
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'Operate  at  115  volts”  on  the  label 
of  electrically  operated  precision 
equipment  is  not  simply  informative 
—it’s  a  warning! 

A  warning  that  the  device  is  too 
sensitive  to  tolerate  the  voltage  fluc¬ 
tuations  that  may  be  met  on  Amer¬ 
ica’s  power  lines,  and  still  perform 
with  efficiency.  A  warning  that  sen¬ 
sitive  tubes  and  other  delicate  mech¬ 
anisms  may  be  irreparably  damaged 
by  line  surges  and  that  costly  re¬ 
placements,  with  consequent  loss  of 
time  and  efficiency,  lie  ahead. 

The  design  engineer  who  assumes 
that  the  precisely  controlled  voltages 
of  the  research  laboratory  will  be 
duplicated  in  the  field  is  heading  his 
product  toward  trouble.  Nominal 


line  voltage  ratings  can  no  longer  be 
used  as  single,  stable  reference 
points  for  design  considerations. 
Commercial  power  lines  are  too 
heavily  loaded  and  impredictable. 

"Operate  at  116  volts”  is  no  longer 
sufficient  on  a  label.  A  gviarantee 
that  the  "115  volts”  will  always  be 
available,  in  spite  of  the  unpredict¬ 
able  fluctuations  of  commercial 
power,  is  a  prime  requisite  if  the  de¬ 
vice  is  to  perform  with  unfailing  effi¬ 
ciency  and  precision. 

The  place  to  provide  voltage  con¬ 
trol  is  within  the  equipment.  With  a 
Constant  Voltage  Transformer  as  a 
component  part,  the  device  is  pro¬ 
vided  with  a  dependable  source  of 
voltage  and  unfailing  protection 


against  performance  interference  and 
construction  damage. 

Sola  Constant  Voltage  Trans¬ 
formers  are  available  in  sizes  and 
capacities  to  meet  design  require¬ 
ments  of  any  electrically  operated 
equipment  or  electronic  device. 
Items  so  protected  will  deliver  as 
efficiently  in  the  field  as  under  the 
most  ideal  laboratory  conditions. 

Sola  Constant  Voltage  Trans¬ 
formers  have  no  moving  parts  to  get 
out  of  order.  There  are  no  manual 
adjvistments  to  be  made.  They  per¬ 
form  instantly  and  automatically, 
maintaining  output  constant  to  with¬ 
in  +  1%  of  the  rated  voltage,  re¬ 
gardless  of  line  fluctuations  as  great 
as  30%. 


I 

i 

TranifeniMis  for*  Constant  Voltage  •  Cold  Cothode  Lighting  •  Mercury  Lamps  •  Series  Lighting  •  Fluorescent  Lighting  •  X-Ray  Equipment  •  Luminous  Tube  Signs 
Oil  Burner  Ignition  •  Radio  •  Power  •  Controb  •  Signal  Systems  •  Door  Bells  and  Chimes  •  etc  SOLA  ILICmC  CO.,  2525  Clybeurn  Avo.,  Chicago  14,  IN. 
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RATED  VOLTAGE  is  always  available  to  equipment 
protected  with  built-in  CONSTANT  VOLTAGE 


To  /Monvfoctvrors; 

Built-in  voltage  control  guaran¬ 
tees  the  voltage  called  for  on  your 
label.  Consult  our  engineers  on 
details  of  design  specifications. 

A$k  for  BulMln  DCV-74 


ICA«0,  II 
A.  A.  W** 

INONNAn, 
W«.  CUI 

tr^OIT,  HU 
A  L  V*Nii 

IrK* 


but  the  first  alternating  current  amplifier  for  16mm.  sound-on 


of  today.  It  gave  visual  education  and  training  such  imj>etus  that  it  is  univer 


oPERADIo 

OPERADIO  MANUFACTURING  COMPANY,  ST.  CHARLES.  ILL. 

SrMBOl  Of  ElfCTHONfC  f  EXCfllENCf  SINCE  1922 


QUARTZ  TRANSPORT 
PLANE 


sally  used  today  both  in  our  schools  and  for  instructing  our  Armed  Forces. 

Operadio  looks  back  with  pride  to  its  pioneer  work  and  engineering 

contributions  in  this  field  .  .  .  looks  forward  eagerly  to  applying  electronics 

to  your  product  or  process  when  today’s  urgent  war  work  is  done. 

OnHAOlO  HAMT  »»OADCASriM9  ron  MUSIC  AMD  VOICt-fA&m* 

.  .  .  FLEXIFONE  INTEftCOMMUNIC4TION 


j  Lashing  down  cargo  ol  high-grads  Bra- 
i  silion  quarts  in  a  U.  S.  Naval  transport 
plans  at  Natal.  On  outbound  trips  ths 
planes  carry  vital  cargo,  msdical  suppUss 
I  and  mail  to  Host  units  and  naval  besss. 
I  Many  ol  thsm  stop  oil  in  Brasil  and  bring 
j  back  ssssntial  quarts. — Ollicial  U.  S. 
I  Naval  photograph 
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film  was  just  as  startling  in  its  time  as  the  electronic  war-wonders 
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New  Math  Quarterly 

A  NEW  QUARTERLY  that  conUit  s 
original  papers  in  applied  mathema¬ 
tics  which  have  an  intimate  con¬ 
nection  with  applications  in  industry 
or  practical  science  is  being  pub¬ 
lished  under  the  sponsorship  of 
Brown  University. 

Because  the  American  Society  of 
Mechanical  Engineers  publishes  the 
Journal  of  Applied  Mechanics,  the 
founders  of  the  new  publication. 
Quarterly  of  Applied  Mathematics, 
laid  their  plans  in  close  cooperation 
with  the  Society.  At  the  request  of 
Brown  University,  the  ASME  ap¬ 
pointed  an  official  representative  on 
the  editorial  board,  John  M.  Lessella, 
technical  editor  of  the  Journal  of 
Applied  Mechanics.  This  permits 
manuscripts  submitted  to  either  one 
of  the  publications  to  be  referred  to 
the  other  if  the  subject  matter  and 
method  of  treatment  indicate  such 
transfers  are  desirable. 

The  second  issue  of  the  Quarterly 
includes  papers  on  forced  vibrations 
of  systems  with  nonlinear  restoring 
force;  the  deflection  of  anisotropic 
thin  plates,  symmetrical  Joukowsky 
airfoils  in  shear  flow,  and  differential 
equations  in  mechanics  of  continua. 
The  subscription  price  is  $6.00  per 
nr  year.  Orders  may  be  sent  to  Quar¬ 
terly  of  Applied  Mathematics,  450 
Ahnaip  St.,  Menasha,  Wise,  or  Brown 
University,  Providence  12,  R.  I. 
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SWITCHES 


Complete  catalog  listings,  dimension  diagrams 
of  every  unit,  up-to-the>minute  engineering  data 
on  fixed  and  variable  resistors  for  radio  and 
other  electronic  uses,  iron  cores  of  all  types, 
and  inexpensive  slide,  line,  and  rotary-acdon 
switches. . . . 

That's  the  story  of  this  new  36*page  Stackpole 
Electronic  Components  Catalog,  just  off  the  press. 
Write,  wire  or  ask  your  Stackpole  District  Engi* 
neer  for  a  copy  today.  Please  ask  for  Catalog  R6. 


HESE  ELECTRONIC  DIVISION  ENGINEERS  TO  SERVE  YOU 
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"€*SO,  III. 

A.  A.  *43  tt. 


MaNN*TI.  OHIO 

wm.  c  L«ine.  aasa 


INDIANA,  to.  ILLINOIS 
mmd  lASTIAN  IOWA 
C  a.  ■••Pk.  S40  N.  MUMcaii  Av*., 
CWf  4 


TtOiT,  WCNIDAN 

J.  I.  VaMaMr.  IttlO  AannlNston 


LOS  ANOILIS,  CAUPOSNIA 
N.  A.  L«Mr«,  2314  W.  IlHi  tt. 

MINNIAPOUS,  MINNtSOTA 
J.  N.  Nalmann  Cawpawy 
1318  NarMOii  Pl««« 


KANSAS  OTV,  MO. 

Maury  1.  Santo.  Mfr't.  I>cliai»«a  NSW  YORK.  N.  T. 
RMg.  Jaaapli  Sprang. 


Jaaapli  Sprang.  3S4  W.  aiat  St. 


PNILADILPIIIA.  PA. 

J.  a.  Banga.  *710  MaMa  St. 


PLAINV1LLI.  CONN. 

Karl  Darntoh.  10S  Pamlngtan  Aaa. 


TORONTO,  ONT.,  CANADA 
A.  A.  McQaaan.  304  King  St.,  Baat 


STACKPOLE  CARBON  CO.,  ST.  MARYS,  PA. 


ELECTRONIC  COMPONENTS 


DELTABESTON 
Radio  Hook-up  Wire 


G-E  Deltabeston  Radio  Hook-up  Wire  was  designed  to 
meet  a  growing  demand  from  manufacturers  of  radio,  radar 
and  communication  instruments.  It  is  constructed  to  resist 
heat,  cold  and  moisture;  repel  the  action  of  flame  and  cor¬ 
rosive  vapors;  and  withstand  abrasion  and  vibration.  £>elta- 
beston  Radio  Hook-up  Wire  is  light  in  weight,  flexible  and 
small  in  diameter.  Sizes  range  from  22  through  6  but  larger 
sizes  can  be  supplied  on  request.  It  is  available  in  both  low- 
and  high-tension  types;  also  with  tinned  copper  wire  shield. 
There  are  twenty-one  standard  braid  patterns  and  others  can 
be  supplied  to  meet  customers’  special  requirements. 

CONSTtUCnON 

1.  Tinned  Copper  Conductor  —  Flexible,  free  of  kinks  and 
splits. 

2.  Synthetic  Resin  —  Provides  great  resistance  to  moisture 
and  high  dielectric  strength. 

3.  Impregnated  Felted  Asbestos  —  Serves  as  a  heat-barrier 
against  flame  and  high  ambient  temperature. 

4.  Rugged  Lacquered  Cotton  Braid  —  Makes  a  smooth, 
hara  finish  with  high  resistance  to  oil,  grease  and  gas¬ 
oline. 

For  additional  information,  writa  to  Section  Y-U3-119,  Appliance  and  Mer¬ 
chandise  Dept.,  General  Electric  Company,  Bridgeport,  Conn.  Deltabeston 
Radio  Hook-up  Wires  are  distributed  nationally  by  Graybar  Electric  Co., 
G-E  Supply  Corp.  and  other  G-E  Merchandise  Distributors. 


GENERAL  ELECTRIC 


Radio  Plugs 

(Continued  from  page  135) 

trol  panel  in  a  future  four-en^pne 
transport.  It  requires  a  screw  ejector 
applying  over  300  pounds  pull  to  sep- 
arate  the  two  halves,  because  of  the 
resultant  of  the  total  friction  of  all 
contacts.  Other  methods  of  ejection 
for  large  multi-contact  plugs  involve 
the  rack-and-pinion  principle  or  self, 
ejection  lock  rings. 


FIG.  2 — Pin  and  socknt  vinwa  of  on  di- 
uroft  plug  unit  having  a  total  of  ISO 
contacts 

Since  disconnect  plugs  are  so  im 
portant,  it  naturally  follows  that  in 
themselves  they  must  not  represent 
a  potential  source  of  trouble  which 
would  nullify  their  advantages.  Ther.; 
is  little,  if  any,  resemblance  between 
the  electrical  plugs  used  in  airplane- 
and  those  we  find  in  the  home.  The 
airplane  plug  must  be  light,  comp?ch 
durable,  liquid  and  vibration-pro  ^ 
and  100  percent  positive  in  contact 
The  lives  of  all  aboard  an  aiM.iafi 
may  depend  upon  the  reliability  of 
the  electrical  disconnect  plugs,  hem 
design  engineering,  precise  machin 
ing  and  careful  inspection  are  cssen 
tial  in  the  manufacture  of  plugs  for 
aircraft  use. 

TO  PROVIDE  a  solder  seat  betwm 
porcelain  and  a  metal  transformer 
the  surface  of  the  porcelain  is  paifUff 
with  a  gold-platinum  liquid  and  fira 
at  a  required  temperature.  The 
provides  a  metallic  base  to  whk 
solder  will  adhere. 
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(Continued  from  page  106) 


ious  switching  remote  control  cir- 
cuits  which  are  incorporated  in  the 
mobile  unit.  However,  it  does  indi¬ 
cate  that  the  antenna  is  normally 
connected  to  the  receiving  circuit 
and  that  operation  of  the  transmit¬ 
ter  is  effected  by  closing  the  push¬ 
button  in  the  microphone  circuit. 
This  switching  arrangement  also 
turns  on  the  dynamotor  for  provid¬ 
ing  plate  supply  although  this  is  not 
shown  in  the  diagram. 

Except  for  the  final  amplifier, 
which  uses  a  single  tube  operatinjt 
at  100  ma  at  600  volts,  all  of  the 
amplifier  and  modulator  tubes  in  the 
transmitter  operate  with  a  plate 
supply  of  240  volts.  A  dropping  re¬ 
sistor  in  the  plate  circuit  of  the  os¬ 
cillator  tube  reduces  the  plate  sup¬ 
ply  of  the  oscillator  to  200  volts.  A 
jack  and  meter  switch  is  provided 
for  measuring  the  voltages  applied 
to  the  grids  of  the  various  tubes. 

Except  possibly  for  the  first  r-f 
amplifier  and  modulator,  the  trans¬ 
mitter  design  is  straight-forward. 
All  essential  features  may  be  ascer¬ 
tained  from  the  schematic  wiring 
diagram  and  list  of  circuit  com¬ 
ponents. 


Complete  Timing  Engineering 
Service  for  handling  any  type  of 
Timing  Problem  both  AC  and  E)C. 

♦  Special  Motors — Friction  for  man¬ 
ual  reset .  .  .  brakes  for  instant  stc^ 
....  shift  for  automatic  reset .  .  . 
reversible  .  .  .  operates  on  AC  and 
DC  current. 

*  Any  Speed — Available  from  450 
RPM  down  to  one  revoluticm  per 
month. 


DC  MOTOR 

BMioaUy  new  in  design — stable  in 
speed — -reeenible  in  demand  ior  innum¬ 
erable  DC  timing  applioatians— compact 
— light  in  weight — seven  segment  com¬ 
mutator — low  reactance  rotor  wtoding — 
abiico  held — totally  enclcead.  SMled-in 
lubrication  good  lor  liie — unusually  Jong 
wearing  brushes  that  are  easily  r^)laoe- 
able. 


♦  Haydon  is  maintaining  prompt  de- 
liveries  with  suitable  priority. 

♦  Special  lubricants  for  unusual 

ambient  temperature  requirements  MOTOR 

—lubrication  sealed  in.  and  effective  AvaiUble  in  any  speed  fc 

irrespective  of  mounting  position  of  RPM  and  l  REV.  per  mon 

■1 _  .  manufactured  to  your  spe< 

the  motor.  frequency,  speed  and  ton 

ments.  The  llO  volt,  60  c 

♦  Special  units  for  shock,  vibration,  units  consume  only  2  watts,  i 

j  _  .  .  1.  ..  starting  and  synchrormus 

and  spray  test  applicanons.  are  only  l><"  x  2>i"  x  2"  o 

/  Cetelog  Avai/ai/e— Comp/ete  data  on  most  recent  derel- 
<  opments  in  the  timing  field  mey  be  had  upon  request. 
\  ADDRESS  ALL  INQUIRIES  TO  DEPT.  11 


ceive  phase-modulated  signals  in 
the  band  from  30  to  40  Me.  It  is 
adjusted  at  the  factory  for  opera¬ 
tion  at  the  specified  frequency, 
which  in  this  case  is  39.86  Me.  The 
frequency  of  operation  is  deter¬ 
mined  by  means  of  quartz  crystals 
in  both  oscillators  of  the  double 
superheterodyne  circuit.  Complete 
modulation  is  achieved  when  the 
frequency  deviation  is  15  kc. 

A  schematic  wiring  diagram  of 
the  receiver  is  shown  in  Fig.  3.  Vol¬ 
ume  and  squelch  circuits  are  oper¬ 
ated  from  a  control  panel  on  the 
dashboard  rather  than  from  the  re¬ 
ceiver  itself.  When  intended  for  op- 


ceiver  is  operated  from  a  o-voii 
storage  battery  and  a  power  unit 
which  supplies  80  ma  at  250  volts. 

The  receiver  circuit  is  a  double 
superheterodyne  with  one  stage  of 
amplification  at  the  carrier  fw 
crystal-controlled  i-f  o.=ci! 
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are  Bunnell  Transmitters? 


transmitters.  And  we  don’t  make 


the  most. 


But  every  one  we  build  is  especially 
designed  for  its  special  purpose. 
And  every  detail  of  every  part  of 
every  transmitter  must  be  meticu¬ 
lously  correct. 


Call  it  idealism.  Or  perfectionalism. 
It’s  good  business  for  us.  And  bener 
performance  for  you! 


GENERAL  OFFICES:  215  Fulton  St.,  New  York  City  •  FACTORIES  at  Brooklyn,  N.Y. 
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You  con  now  desigh  your  product  for  better  Snap  Action 
Switches. 

1.  letter  CMtect  pressere  is  Mofartoined  Mrtil  Hm 
saop-ocHee  Is  ■cteally  began. 

2.  The  centnets  break  wHb  oMxinNNn  accaUrnting  farce. 

Those  two  facts  account  for  the  rapidly  rising  preference 
for  ACRO-SNAP  Switches.  The  spring  forces  involved  ore 
engineered  to  compel  one  spring  to  "trigger”  the  other. 
So  regardless  of  how  slowly  the  actuating  member  is  oper* 
ated,  the  contacts  break  with  optimum  acceleration.  Care¬ 
ful  analysis  also  shows  that  good  contact  pressure  is 
maintained  until  the  snap-action  suddenly  takes  place. 
These  facts  are  borne  out  by  laboratory  tests  in  industry 
and  by  record  breaking  performance  in  all  branches  of 
the  Armed  Forces.  In  writing,  kindly  explain  details  of 
applications  you  contemplate. 

ACRO  ELECTRIC  COMPANY 

1316  Superior  Avenue,  Cleveland  14,  Ohio 


Engineered  for 
FASTER  CONTACT  BREAK 


DUpcrtchor't  consol*  ot  main  oific* 


lators,  two  limiter  stages,  a'  three- 
tube  squelch  system  which  makes 
the  receiver  virtually  inoperative 
except  when  a  carrier  is  received, 
and  a  two-stage  audio  amplifying 
system.  A  double-winding  trans¬ 
former,  whose  secondary  may  be 
used  to  feed  a  dynamic  loudspeaker 
or  a  600-ohm  telephone  line,  is  pro¬ 
vided.  Except  for  a  few  controls 
mounted  on  the  dashboard  within 
easy  reach  of  the  operator,  all  con¬ 
trols  and  circuits  are  contained  in  a 
steel  cabinet  housing  the  receiver. 

Grid  and  plate  circuits  of  the  r-f 
amplifier  are  tuned  to  the  assigned 
carrier  frequency.  The  first  crystal- 
controlled  oscillator  beats  with  the 
incoming  signal  to  produce  the  first 
intermediate  frequency  of  4.3  Me. 
One  6SD7GT  mixer  tube  produces 
this  intermediate  frequency,  which 
is  amplified  by  another  6SD7GT  as 
first  i-f  amplifier.  The  second  i-f 
mixer  uses  a  crystal  whose  reso¬ 
nant  frequency  is  the  sum  of  the 
two  intermediate  frequencies,  or 
4,775  kc. 

The  oscillator  for  the  first  i-f 
mixer  is  a  multiple  of  the  crystal 
frequency.  The  fifth  harmonic  of 
the  crystal  is  mixed  with  the  incom¬ 
ing  signals  to  produce  a  frequency 
of  4.3  Me.  A  6K8GT  operates  as  a 
combined  second  oscillator  for  the 
second  intermediate  frequency.  A 
second  crystal  operating  in  the  tri- 
ode  section  of  the  6K8GT  produces 
a  frequency  which  establishes  the 
second  intermediate  frequency  at 
455  kc.  This  is  amplified  by  another 
6SD7  i-f  ampliefier.  The  output  of 
the  second  i-f  amplifier  is  then  fed 
to  two  limiter  tubes  and  thence  to  a 
6H6  double-diode  discriminator  cir¬ 
cuit. 

The  discriminator  used  in  this  re- 
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Headed  Slot 


Milled  Slot — 
free  from  burrs 


Heoded  to  Finish — 
no  great  accuracy 
to  seoting  of  screw 


I'  -■ 


•.y 


r 


Poor 

Countersinking 


Good  Countersink¬ 
ing  and  clean  hole 
for  easy  lacing 


\ 


K  I 


Pointed  in  Heading,  re¬ 
sulting  in  short  thread 
and  poor  point 


■m. 


Heod  Shaved  for 
good  Finish  and 
accurate  seat 


Milled  Point,  occurote, 
longer  thread 


A  custfHuer  making  aircraft  com* 
plained  about  some  screws  and  sent 
us  a  batch  of  them.  One  look  and  we 
saw  that  they  were  not  ours.  The  con¬ 
trast  between  the  other  screws  and 
National's  was  striking. 

In  order  to  make  the  difference  clear 
we  show  above  photographs  of  one  of 
the  screws  made  by  ordi¬ 
nary  production  methods,  ^ 

and  one  of  ours,  together 
with  actual  magnifications  y 

of  these  same  photographs. 


The  specifications  called  for  AN 
screws  with  close  tolerances,  made  of 
4037  steel  and  heat  treated.  That's 
why  methods  commonly  practiced  for 
making  competitive  scvews  wouldn't 
do  for  this  j<d>. 

National  methods  are  stepped  up  to 
aircraft  requirements. 
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ITS  OBJECTIVE:  VICTORY 
ITS  BY-PRODUCT: 


A  Better  World  to  live  in 


New  Knowledge  — New  Products 


FILAMENT 

TRANSFORMER 

Designed  for  Con- 
tinuous  Sorvieo 
incurrod  kt  com- 
munications 


work. 


^  • 

& 


rRANSI>OtMf«  OIVISION 

THORDARSON  aiOIIC  MFG.CO 

500  WiST  HUtON  STUn,  CHICAGO.  iU 


S^Uee'/SS^^ 

OilGUIATORS  Of  TRU-fiOEllTY  AMPtIflERS 


ceiver  is  of  the  “back-to-back”  tyjve. 
It  consists  of  two  resonant  circuits 
each  feeding  an  individual  diode. 
The  diode  loads  are  so  connected 
that  the  individual  voltages  devel. 
oped  in  each  are  added  to  obtain  the 
net  output.  One  of  the  resonant 
circuits  is  tuned  approximately  27 
kc  above  the  intermediate  frequency 
of  450  kc  and  the  other  an  equal 
amount  below  this  intermediate  fre¬ 
quency.  When  the  center  carrier 
frequency  is  applied  the  output  is 
zero,  but  becomes  positive  or  nega¬ 
tive  as  the  carrier  is  increased  or 
decreased  from  the  center  fre- 
quency. 

Receiver  Sqeelch  Syitem 

Ordinarily  the  output  of  the  dis¬ 
criminator  would  be  fed  directly 
into  the  audio  frequency  amplifier. 
However,  in  this  case  a  squelch 
circuit  is  interposed  between  the 
discriminator  and  the  audio  ampli¬ 
fier  to  make  the  loudspeaker  inop¬ 
erative  except  when  signals  are  re¬ 
ceived.  The  squelch  circuit  is  com¬ 
posed  of  the  6SD7GT  noise  ampli¬ 
fier,  the  6H6GT  squelch  circuit  di¬ 
odes  and  the  left-hand  section  of  a 
6C8G  double  triode.  In  the  absence 
of  this  squelch  circuit  system,  out- 
t)ut  from  the  discriminator  is  fed 
to  the  right-hand  section  of  the 
6C8G  double  triode  which  acts  as  an 
audio  amplifier,  and  is  then  further 
amplified  by  the  6K6GT  power  out¬ 
put  tube. 

With  the  squelch  system  in  oper¬ 
ation,  the  circuit  behavior  is  ap¬ 
proximately  as  follows:  The  signal 
from  the  output  of  the  discriminator 
is  fed  through  the  input  of  the  noise 
amplifier.  The  voltage  impressed 
on  the  grid  of  the  noise  amplifier  is 
then  amplified  by  an  amount  deter¬ 
mined  by  the  setting  of  the  squelch 
resistor  RZ.  The  amplified  voltage 
is  then  passed  on  to  the  double¬ 
diode  rectifier. 

In  the  absence  of  a  carrier,  ran¬ 
dom  fluctuation  voltages  are  ampli¬ 
fied  by  the  noise  amplifier  and  are 
passed  on  to  the  squelch  double  di¬ 
ode.  It  will  be  noted  that  the  diode 
is  connected  in  such  a  way  that  ca¬ 
pacitors  C57  and  C58  are  charged 
with  such  polarity  as  to  decrease 
the  negative  bias  of  the  left-hand 
triode  of  the  6C8G  tube.  This  per¬ 
mits  plate  current  to  flow  in  the 
left-hand  section,  and  effectively 
short-circuits  the  output  of  the  first 
audio  amplifier  so  that  no  signal  of 
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It  is  more  durable  mechanically. 

The  design  lends  itself  admirably  to  the  built-in  mounting 
of  standard  B  &  W  coils  in  such  a  way  that  lead  lengths  and 
resulting  lead  induaance  are  reduced  to  an  absolute  minimum. 

By  any  test.  By  any  comparison  you  care  to  name,  it  will 
prove  itself  superior  to  conventional  types. . 

True,  the  shape  and  physical  dimensions  of  the  B  &  W 
Type  CX  Condenser  are  such  that  minor  design  modifica¬ 
tions  of  existing  equipment  are  necessary  to  incorporate 
them— but  the  results  are  well  worth  the  effort.  As  for  new 
equipment,  CX  Condensers  are  remarkably  convenient  and 
effective— facts  which  B  &  W  engineers  welcome  the  oppor¬ 
tunity  to  prove.  Write  for  folder. 


BARKER  &  WILLIAMSON 


Specialists  in 


Quality 


Electronic 


Components 


. and  Acne  ^ 

A  radical  improvement  in  any  product  generally  calls  for 
a  radically  new  design— and  that’s  the  B  &  W  Type  CX 
Variable  Condenser  to  a  “T”. 

It  has  perfect  electrical  design  symmetry  plusHjuilt-in 
neutralization. 


!CS 


HAIRLII\IE  PRECISIOIVI 


appreciable  magnitude  is  passed  ob 
to  the  amplifier  in  the  absence  of  a 
carrier. 

When  a  carrier  signal  is  received, 
the  noise  amplifier  is  biased  to  its 
cutoff  value,  cannot  operate  the 
squelch  diode,  and  accordingly  the 
left-hand  triode  section  of  the  6C3G 
is  biased  to  cutoff  and  permits  sig¬ 
nal  to  pass  through  the  first  audio 
amplifier  and  on  to  the  power  am¬ 
plifier. 

It  will  thus  be  seen  that  the  pur¬ 
pose  of  this  squelch  circuit  is  to  re¬ 
duce  the  output  of  the  loudspeaker 
by  about  20  db  except  when  the  sig¬ 
nal  is  received.  This  squelch  circuit 
has  considerable  operating  advan¬ 
tage  since  there  is  no  noticeable 
output  from  the  loudspeaker  to  dis¬ 
tract  the  driver  of  the  mobile  unit 
except  when  signals  are  received 
from  the  transmitter.  If  such  a  cir¬ 
cuit  were  not  employed,  a  certain 
■amount  of  extraneous  noise  and 
background  signal  would  be  con¬ 
tinually  present  from  the  loud¬ 
speaker. 


PlMt*frm«h  eemlMy  af  Pan  Aaiariean  Warltl  Airways 

•k  Though  they  occupy  only  a  fraction  of  airplane  space,  WiLCO  Contacts  and 
Thermometals  mean  much  to  precision  flight. 

★  Either  paired  with  the  correct  WiLco  Thermometal,  or  used  alone,  Wilco 
Aeralloy  Aircraft  Magneto  Contacts  are  doing  their  part  to  assure  smooth 
airplane  performance  through  their  own  unfaltering  performance  under  gruel¬ 
ling  conditions  in  aircraft  magnetos. 

•k  Wilco  Thermometals  (thermostatic  bimetals)  are  used  for  engine  oil 
controls,  compensation  in  voltage  regulators,  and  dependable  action  in  other 
precision  instruments. 

★  Wilco  Thermometals  are  also  used  in  various  instruments  for  the  Army 
and  Navy — and  Wilco  Electrical  Contacts  in  tank,  gun  and  ship  applications. 

★  A  SINGLE  SOURCE  OF  SUPPLY — J^ilco  facilities  permit  manufac¬ 
turing  customers  to  secure  both  electrical  contacts  and  thermostatic  bimetal 
from  a  single  source.  This  is  important,  for  materials  from  these  two  groups 
are  frequently  used  in  conjunction,  as  parts  in  the  same  device.  The  most 
effective  use  of  one  necessitates  a  knowledge  of  the  other. 

Wilco  Products  are;  Contacts — Silver,  Platinum,  Tungsten,  Alloys,  Powder 
Metal.  Thermostatic  Metal — High  and  Low  Temperature  with  Electrical  Re¬ 
sistance  from  24  to  530  ohms  per  sq.  mil,-ft.  Precious  Metal  Collector  Rings 
for  rotating  controls.' Jacketed  Wire — Silver  on  Steel,  Copper,  Invar,  or  other 
combinations  requested. 


Trcmsoiittsr  and  r«c«iT*r  units  mpunlsd 
bshind  drivar's  ssat  in  squad  cor.  Cabk 
connsctors  psnnit  quick  rsmovol  oi  unik 


^  Wilco  sales  and  engineering  representa¬ 
tives  are  familiar  with  both  Electrical 
Contact  and  Thermometal  application. 
Send  us  your  problems  for  analysis. 

The  H.  a.  Wilson  Company 
105  Chestnut  St.,  Newark,  N.  J. 
Branches:  Chicago  k  Detroit 


The  transmitter  and  receiver  are 
connected  together  and  to  the  power 
supply  and  antenna  by  means  of 
plug  arrd  jack  cable  connectors.  In 
addition,  the  dashboard  contains  a 
control  head  panel  having  controls 
for  the  squelch  circuit  and  volume 
output,  terminals  for  the  hand  mi- 
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Sea/ed  Chamber  —Makes  Relay  Explosion  Proof 


and  Dust  Proof;  serves  as  effective  arc  quench. 


Excess  Capacity  —  Engineered  for  highest 


city  per  ounce  of  weight. 
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PRODUCTS  SUPPLY  CO. 

Affiliated  with  Elecfricol  Products  Corp- 

1140  Venice  Blvd  los  Angeles  15.  Calif. 


Positive  Action  —  Overtravel  spring  insures  po 
tive  contact  pressure  and  instant  "break"  releas< 


Tamper  Proof  —  Factory  adjusted  and  sealed;  pro¬ 
tection  against  unauthorized  re-adjustments. 


Unit  has  withstood  Army  tests,  including  overload; 
vibration  55  cycles  per  second  with  .06"  excursion; 
acceleration  of  10  gravity  units;  salt  spray  tests  of 
240  hours  duration. 
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LET  US  HELP 

YOUR  SPECIAL 

CONTACTOR 


MIDGET  TYPE 


or  RELAY 

REQUIREMENTS 


Typical  Custom-built  application.  i 

Photo  actual  size  (Total  capacity  50  amperes) 


''MIGIT', 

SOCKET  WRENCHES 


ai/i! 


WORCESTER  4  MASSACHUSETTS,  U.  S.  A 


crophone,  and  operating  pilot  lijhts. 
All  units  are  conveniently  and  rap¬ 
idly  connected  or  disconnected  by 
means  of  suitable  cables. 

The  transmitter  and  receiver  are 
usually  mounted  behind  the  driv¬ 
er’s  seat  in  the  Chevrolet  squad 
cars  where  they  are  out  of  the  way. 
In  the  cable  trucks  and  wrecking 
wagons  the  radio  equipment  is  con¬ 
tained  in  wooden  trunks  above  and 
to  the  rear  of  the  driver’s  cab.  The 
only  %6ntrols  which  the  operator 
may  be  required  to  use  are  conven¬ 
iently  mounted  on  the  dashboard  in 
the  case  of  squad  cars,  or  on  the 
ceiling  of  the  cabs  in  the  case  of 
wrecking  wagons  ai^d  cable  trucks. 

Eqaipmcwf  at  Moia  StatioR 

The  principal  transmitting  and 
receiving  equipment  is  located  ap¬ 
proximately  seven  miles  west  of  the 
loop,  where  a  tall  three-cornered 
steel  tower  is  used.  At  the  base  of 
the  antenna  is  a  small  tile  brick 
building  providing  power  supply 
for  the  transmitter  and  receiver, 
photoelectric  control  for  the  auto¬ 
matic  lighting  of  the  tower,  the 
necessary  transmitting  and  receiv¬ 
ing  equipment,  remote  control  pan¬ 
els,  and  cabinets  of  spare  parts  and 
test  equipment. 

The  transmitting  antenna  is  a 
17-ft  half-wave  vertical  coaxial 
mounted  on  the  top  of  a  three-cor¬ 
nered  steel  tower  250  feet  high, 
making  a  total  height  of  267  feet. 
This  is  considerably  higher  than 
any  of  the  surrounding  structures 
and  provides  effective  communica¬ 
tion  not  only  throughout  all  sections 
of  Chicago  itself  but  in  surburban 
districts  as  far  as  the  Wisconsin 
and  Indiana  state  lines.  Because  of 
its  height  and  the  presence  of  the 
Chicago  Municipal  Airport  a  few 
miles  to  the  south,  it  is  required 
that  the  tower  be  illuminated  at 
night.  A  Photronic  barrier-layer 
cell  mounted  approximately  one- 
quarter  of  the  way  up  the  tower  and 
feeding  sensitive  relays  in  a  Weston 
photoelectric  control  automatically 
turns  the  lights  on  as  required. 

Power  is  fed  to  the  antenna  by  a 
i-inch  coaxial  cable  continuously 
filled  with  nitrogen  by  means  of  a 
two-stage  valve  and  a  tank  of  gas 
in  the  transmitter-receiver  room.  A 
pair  of  telephone  lines  connects  the 
transmitter  and  receiver  to  the  dis¬ 
patcher’s  control  console  approxi¬ 
mately  7.5  miles  distant. 


Here's  an  ideal  set  of  14  inch 
square  drive  sockets  and  attach¬ 
ments  for  the  mechanic  who 
recognizes  good  wrenches. 


One  of  the  most  com¬ 
plete  works  of  its 
kind  ever  published, 
this  outstanding  refer¬ 
ence  work  presents  a 
wealth  of  essential 
theory  and  up-to- 
date  standards,  prac¬ 
tice,  and  data,  espe¬ 
cially  selected  ^d 
organized  to  meet  the 
needs  of  the  engioeA* 
dealing  with  practical 
radio  and  electronic 
proUems. _ 


Our  experience  as  the  largest 
manufacturer  of  amall  socket 
wrenches  has  enabled  us  to  de¬ 
sign  this  set  and  include  the 
proper  sizes  of  sockets  and  at¬ 
tachments.  Slide  one  in  your 
pocket  and.  you're  all  set  to 
tackle  any  ignition,  electrical, 
radio  or  refrigerator  job. 


BADIO  ENGIIEEBS' 
HHBDflOBK 


i^hough  these  are  the  smallest 
bo^S  in  our  family  they  do  a 
m^'^  size  job  and  will  work 
right  along  with  the  others  in 
the  famous  Walden  Worcester 
line  — -  medium,  regular  and 
heavy '  duty  socket  wrenches; 
drop  forged  open  end  and  box 
wrenches,  and  the  famous 
SPINTITE,  the  wrench  that 
works  like  a  screw  driver. 


■y  Fr«d«riek  E.  Tarmoa 

PtofcMor  of  Elootical  SagiciMring  «nd  Et. 
ecutive  Head,  Electrical  Enginccnng  Da- 
paraacnt,  Stwofd  UnJvetaity  (abaaat  aa 
leave).  Director.  Radio  Reaearch  Labora¬ 
tory,  Harvard  Uahrerrity 

1,019  p«0«s,  i  X  9, 
profasaly  illRstratod,  $4.00 


13  big  SRctioRs,  eevariag 

1.  Tables,  Matheniatical  Relatioos,  and 
Units 

2.  Circuit  Elemeou 

3.  Circuit  Theory 

4.  Vacuum  Tubes  and  Electronics 

5.  Vacuum-tube  Amplifiers 

6.  Oscillators 

7.  Modulation  and  Demodulation 

8.  Power-supply  Systems 

9.  Radio  Transmitters  and  Receivers 

10.  Propagation  of  Radio  Waves 

11.  Antennas 

12.  Radio  Aids  to  Navigation 

13.  Measurements 

Terman’s  Handbook  concentrates  on  thost 
topics  which  the  radio  man  thinks  of  as  con¬ 
stituting  radio  engineering  —  presented  is 
concise  descriptions,  fundamentals,  fomralu 
procedures  useful  in  actual  design,  tables, 
diagrams,  etc.  Consult  it  for  data  needed  in 
routine  problems  of  design  and  practice,  or 
in  investigation  of  special  problems  or 
branches  of  work.  Qieck  your  methods 
against  best  accepted  practice.  Save  tinae, 
trouble,  and  error — ^get  quick,  dependablt 
answers  to  your  questions,  when  you  need 
them,  from  Terman’s  Radio  Engineers'  Hand- 
bwk. 

Stt  ibis  b*mdbook  on  approval.  Just 
mail  the  conpoo;  pay  for  or  return  the 
book  after  exammauoa.  Thia  authoritauvc 
and  oonvcaicnt  tummary  of  radio  anasneer- 
ina  Imowledge  can  be  of  oanatant  and 
viluable  aid  to  you.  Send  du  ooupoo 
today. 

10  DAYS*  PREi  EXAMINATION 

:  MeSraw-Hni  Baak  Cau.  SM  W.  42ad  Rt.  Nw  ; 
:  Yark.  It.  N.  Y. 

■  Send  mm  Voaan'a  Radio  Wulmwe'  ! 

■  book  for  10  daya’  ■noinillnu  an  mfpnmL  b  ■ 
:  10  days  1  win  mo*  yau  tS.M  ptaa  raw  mmo  seat-  • 
•  aca  ar  latan  baak  paaipaid.  (Wa  pay  paause  »  ■ 
2  eaah  ardan.) 


Ask  for  WALDEN  WORCESTER  SET 
3100A  when  you  want  the  set  illus¬ 
trated  above.  Set  contains  hinged 
handle  with  cross  bar;  Spintite  nut 
driver  with  plastic  handle;  five  single 
hex  sockets  3/16,  7/32,  1/4,  9/32; 
three  double  hex  sockets  11/32,  3/8, 
7/16;  three  double  square  sockets 
1/4,  5/16,  3/8;  complete  in  a  drawn 
steel  box  with  partition.  Tools  and 

box  are  protected  with  _ 

the  highest  quality  corro- 

sien  resistant  finish.  /dHIHbA 
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HE  PART  YOU  CAN'T  SEE  .  . . 


t  There  is  a  conneclion  between  a 
helmet,  today's  war,  and  your  post¬ 
war  products. 

Today's  fighters  ore  protected  as  a 
knight  in  armour  never  was  .  .  .  part 
of  that  protection  is  due  to  research  in  rubber  .  .  . 
part  of  it  is  due  to  precision  production. 

Both  of  these  things  will  pay  dividends  in  your 
post-war  products.  Johnson  is  making  rubber  parts 
to  a  thousandth  of  an  inch  tolerance  .  .  .  parts  that 
depend  on  specially  developed  formulas  to  stay 
resilient  at  75  degrees  below  zero  .  .  .  and  stay 
firm  at  hundreds  of  degrees  above  .  .  .  all  this 
at  high  pressures  .  .  . 

Thousands  of  such  small  parts  moke  the  efficient, 
unbeatable  operation  of  America's  war  machines 


possible  ...  all  Johnson  Rubber  production  today 
Is  for  Uncle  Sam. 

There  will  come  a  day,  though,  when  we  all  have 
to  think  about  transferring  the  boys'  names  from 
the  honor  roll  to  the  pay  roll,  and  getting  back  to 
our  regular  job  of  supplying  a  peacetime  market. 
To  meet  that  great  day  with  a  minimum  of  time 
waste  is  important  to  the  boys  coming  back  .  .  . 
and  important  to  you. 

Lay  your  plans  now.  ILet  us  help  you.  Johnson  engi¬ 
neers  and  designers  con  help  you  solve  problems 
in  your  post  war  products  . . .  and  come  up  with  the 
right  answers  in  the  right  kind  of  rubber  in  the 
specific  part  you  need  .  .  .  and  this  precision  in 
rubber  perfected  in  wartime  will  serve  you  well 
in  peacetime. 

We  will  be  ready  lo  supply  you  when  the  time  comes  .  .  .  but 
the  time  to  think  about  it  and  plan  ahead  is  now  .  .  .  not  then. 


#The  Johnson  rubber  Co.  .  MUdlefield,  Ohio 

^  MOLDED  ft  EXTRUDED  RUBBER  PARTS  FOR  INDUSTRrS  YITAL  ASSEMBLIES 


Indiapmnaable  in  War — Eaaential  in  Peace 
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in  the  deserts  of  Africa,  in  the  frozen  far 
North  .  .  .  flying  from  scorching  earth 


to  sub-zero  temperatures  of  extremely 
high  altitudes  in  a  few  minutes'  time  . . . 
these  conditions  have  created  a  definite 
need  for  dependable,  automatic  tempera¬ 
ture  control  devices  ...  in  these  war¬ 
time  planes,  in  jeeps,  trucks  and  other 
fighting  equipment  Chace  actuating 
elements  are  providing  constant  and 
reliable  control  of  important  tempera¬ 
ture  responsive  devices. 


Of  course  Chace  Thermostatic  Bimetal 
actuating  elements  for  automatic  tem¬ 
perature  control  are  incorporated  in  es¬ 
sential  civilian  products  too., 


And  for  postwar  activities,  remember 
Chace  utilizes  25  different  allb^ 
duce  35  different  types  of  tl 
bimetals.  May  we  suggest  tK^ 
suitable  for  the  actuating  el^eht 
your  temperature  responsive  devices? 


mCMACEcQ 

Thermostatic  Bimetc»s  and  Speciaf  Alloys 

1630  BEAJID  AVE  •  DUROIT  9,  MfCH. 


At  the  86-foot  level  a  vertical 
dipole  is  installed  on  the  side  of 
the  tower  to  serve  in  case  of  defects 
either  in  the  vertical  coaxial  cable 
on  the  top  of  the  tower  or  the  coax¬ 
ial  line  connected  to  the  top  an¬ 
tenna.  A  shielded  capaline  cable 
extends  from  the  dipole  to  the  in¬ 
side  of  the  transmitter  room  where 
it  may  be  connected  to  the  60-watt 
exciter  unit  in  the  tri*!?:  jmitter-re- 
ceiver  cabinet.  Power  for  the  trans¬ 
mitter  is  obtained  from  a  single¬ 
phase.  three-wire  220-110  volt,  60- 
cycle  line.  A  voltage-regulating 
transformer  is  used  to  supply  the 
a-c  power  to  the  transmitter-re¬ 
ceiver  combination. 

A  block  diagram  of  the  main 
transmitter,  also  shown  in  Fig.  l 
indicates  some  of  the  interconnec¬ 
tions  and  remote  control  features 
which  cannot  well  be  shown  in  the 
schematic  wiring  diagram.  The 
equipment  itself,  mounted  in  a 
steel  cabinet,  is  shown  in  one  of  the 
photographs. 

The  transmitter  is  composed  of  a 
driving  unit  and  250-watt  push-pull 
power  amplifier  feeding  the  coaxial 
cable  which  is  connected  to  the 
radiating  dipole.  The  exciter  unit 
is  similar  to  the  80-watt  transmitter 
employed  in  the  mobile  units  ex¬ 
cept  that  two  807  tubes  in  parallel 
are  used  to  produce  a  power  output  of 
50  watts  instead  of  the  30  watts 
produced  in  the  mobile  units.  Power 
output  from  the  60-watt  exciter  is 
fed  to  the  grid  circuit  of  two  lOOTH 
triodes  in  the  push-pull  neutralized 
circuit  of  Fig.  4.  Power  supply  for 
the  exciter  unit  as  well  as  the  main 
amplifier  is  obtained  from  a  rec¬ 
tifier-filter  system  operating  from 
the  60-cycle  line. 

The  transmitter  is  so  arranged 
that  in  case  of  failure  of  the  final 
amplifier,  the  50-watt  output  of  the 
driver  stage  may  be  coupled  di¬ 
rectly  to  the  antenna.  A  spare  oscil¬ 
lator  or  driver  is  kept  in  the  station 
at  all  times  for  emergency  replace¬ 
ment.  Except  that  these  two  excit¬ 
ers  are  operated  from  a  rectifier- 
filter  system  rather  than  from  a 
dynamotor  and  have  increased  out¬ 
put  through  the  use  of  a  second  tube 
in  parallel,  they  are  identical  with 
the  transmitters  used  in  the  mobile 
unit.  Therefore,  it  is  practical  to 
interchange  the  transmitter  of  a 
mobile  unit  for  that  in  the  main  sta¬ 
tion  by  changing  power  supply. 

The  main  transmitter  is  operated 
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jby  remote  control  from  the  dis¬ 
patcher’s  office  at  231  So.  LaSalle 
Street  in  Chicago’s  loop.  The  fila¬ 
ments  are  operated  at  80  percent  of 
their  rated  voltage  when  no  com¬ 
munication  is  taking  place.  When 
the  dispatcher  at  the  downtown  of¬ 
fice  wishes  to  transmit  a  message,  a 
remote  control  mechanism  brings 
the  filaments  up  to  normal  voltage 
in  a  negligibly  short  time.  Through 
this  procedure,  the  transmitter  is 
always  available  for  instant  oper¬ 
ation  (since  no  appreciable  time  is 
lost  in  bringing  the  filaments  from 
80  percent  to  100  percent  or  normal 
voltage)  and  at  the  same  time  tube 
life  is  conserved. 

Except  for  the  use  of  a  more  ef¬ 
fective  receiving  antenna  with  its 
associated  coaxial  cable,  and  oper¬ 
ation  from  the  power  supply  sys¬ 
tem,  the  main  receiver  is  identical 
with  those  used  in  the  mobile  unit. 
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P«rfenna*e«  of  Sysf*M 

During  the  year  and  a  half  of  con- 
inuous  operation,  the  system  has 
nven  satisfactory  performance, 
rhe  range  of  satisfactory  communi¬ 
cation  is  considerably  beyond  the 
•equirements  of  the  city  limits. 
Fhe  use  of  phase  modulation  with 
iquelch  circuits  on  all  receivers  to 
-educe  output  of  the  loudspeaker 
xcept  when  the  carrier  is  received 
8  largely  responsible  for  the  suc- 
ess  of  the  system.  A  trip  in  one  of 
he  touring  cars  to  various  parts  of 
tie  city  demonstrated  the  speed 
vith  which  the  squad  cars,  wreck- 
ng  wagons,  or  cable  trucks  may  be 
lispatched  as  emergency  conditions 
varrant.  In  spite  of  many  tall  steel 
luildings’in  and  immediately  sur- 
ounding  Chicago’s  loop,  no  difld- 
ulty  was  experienced  due  to  inade- 
uate  signal  strength.  Furthermore, 
has  shown  that  there  are  no  dead 
pots  in  any  of  Chicago’s  190 
quare  miles. 

The  operation  and  maintenance 
f  this  radio  equipment  is  under  the 
irection  of  S.  D.  Forsythe,  electri- 
il  engineer  of  the  Chicago  Surface 
ines.  All  illdio  equipment  was  de¬ 
nned,  built;^A&d  installed  by  the 

\r _ _ .  « _  * 


•  Ampheo®'^- 

•  Amplietiol  ixiseri 
thickness— 

to  inciease 
•  Contact  u- 


alvin  Manufaotaring  Company  of 
hicago.  '“‘0^ 

The  assistapcei#f  Mr.  Paul  Mur- 
ly,  CMcHgo  ^uil^e  Lines,  and  Mr. 
ormhn  E.^'^jyiiftft^Hplich,  Galvin 
anufacturing  Company,  in  the 
eppTation  of  this  article  is  grate- 
illy  acknowledged. 


AMpUBAfi  PHINOLIC  CORPOtAttfS^* 
CKICAOO  SO,  ILLINOIS 
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a  tour  of  on*  of  its  noorby  plants  during  tho  two-day  sos^on 


NEWS  OF  THE  INDUSTRY 

Parts  standards  conference;  candid 
photos  of  IRE  Rochester  meeting;  new 
calls  for  FM  stations;  program  for 
winter  IRE  meeting;  war  standard  for 
fixed  resistors;  London  News  Letter 

War  Committee  On  Radio  Holds  Parts  Standards  Conference 


The  American  Standards  Associa¬ 
tion’s  War  Committee  On  Radio,  of 
which  S.  K.  Wolf  of  the  War  Pro¬ 
duction  Board  is  chairman,  held  a 
two-day  conference  for  discussion 
of  electronic  equipment  component 
parts  standards  at  the  Lord  Balti¬ 
more  hotel  in  Baltimore,  Md.,  No¬ 
vember  17  and  18.  In  attendance 
were  just  under  a  hundred  execu¬ 
tives  and  engineers  of  the  ASA, 
the  WPB,  the  Army  and  Navy  and 
prime  contractors.  On  the  first  day 
Bendix  Radio,  host  to  the  group, 
staged  a  tour  of  one  of  its  nearby 
plants  to  show  some  of  the  practical 
results  of  applied  standardization  in 
the  manufacture  of  communications 
gear. 

WPB  officials  lead  the  second-day 
panel  discussions.  Opening  the 
meeting,  Mr.  Wolf  said  that  stand¬ 
ards  had  been  developed  for  ten 


components  representing  perhaps 
50  percent  of  all  the  parts  currently 
needed  and  that  work  on  20  others 
was  well  advanced.  He  pointed  out 
that  a  30  to  35  percent  increase  in 
the  production  of .  equipment  was 
needed  in  1944  and  that,  in  view  of 
the  manpower  shortage  and  the 
present  full  utilization  of  plant  fa¬ 
cilities,  standardization  was  just 
about  the  only  way  to  obtain  it. 
Standards,  Mr.  Wolf  continued, 
would  not,  however,  be  “shoved 
down  industry’s  throat.” 

Elmer  Crane,  introducing  subse¬ 
quent  WPB  speakers,  inferred  that 
prime  contractors  were  expected  to 
“police”  the  situation  iii  the  inter¬ 
ests  of  the  war  effort  in  future  deal¬ 
ings  with  component  suppliers.  He 
attributed  resistance  to  standards 
on  the  part  of  certain  component 
manufacturers,  said  to  be  in  the 


minority,  to  premature  preoccupa¬ 
tion  with  post-war  competitive  ques¬ 
tions. 

D.  J.  Connor,  obviously  aware  of 
the  fact  that  prime  contractors 
representing  users  of  component 
parts  rather  than  manufacturers  of 
such  components  constituted  his 
audience,  commented  that  the  desir¬ 
ability  of  standards  appeared  to  be 
evident  to  all  but  that  present  meth¬ 
ods  of  insuring  universal  accep¬ 
tance  of  them  needed  considerable 
stiffening.  Using  resistors  as  an 
example  of  what  could  be  accom¬ 
plished,  he  told  how  63  types  in  four 
categories  had  been  reduced  to  27. 

Discussing  tubes,  F.  C.  Bash  said 
that  despite  the  availability  of  some 
1,500  types  the  Army  and  Navy  now 
confined  at  least  75  percent  of  its 
new  equipment  specifications  to  150 
types,  using  the  remainder  only 
where  absolutely  necessary  and  for 
replacement  in  older  gear.  He  said 
that  standardization  with  respect  to 
Nonex  or  so-called  “hard”  glass  and 
other  physical  details  had  permitted 
a  50  percent  increase  in  the  produc¬ 
tion  of  certain  water-cooled  trans¬ 
mitting  tubes  without  increase  in 
labor  or  factory  facilities. 

H.  P.  Rockwell,  discussing  panel 
instruments,  said  that  in  peacetime 
one-third  of  all  the  meters  pur¬ 
chased  were  catalog  items  while  the 
remainder  for  the  most  part  em¬ 
bodied  minor  changes  involving  spe¬ 
cial  design  and  only  occasionally 
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ROCKKSTOS  RMILTI-CONOliCTOR  nREWAU 
mSTRUMEIfT  CABU 

This  unusually  small  dukinrter,  lijtht  weixht,  high- 
dirWriric  S  conductor  No.  M  AWG  wire  was  designed 
lor  an  electronic  device  because  three  No.  W  AWG 
single  conductor  aircraft  circuit  wires  were  too  bulky. 
It  is  made  to  a  nominal  diameter  of  .145"  (smaller  than 
a  No.  H  AWG  single  conductor  lUOU  volt  Rockbestoa 
Firewall  Radio  Hookup  Wire). 


ROCKBESTOS  MULTI-CONOUGTOB 
HBEWAU.  RAOtO  HOOKUP  CABLE 

This  type  of  cable  is  made  up  of 
'  1000  V.  individual  Firewall  Radio 

Hookup  Wires  (see  above)  of  required 
size  and  number  of  conductor  cabled, 
and  braided  or  shielded  according  to 
customer's  speciScation.  For  example,  thii 
special  14  conductor  AWG  cable  was 
taped,  shielded  with  tinned  copper  braid, 
then  jachEfed  with  a  black,  glased  cotton  braid 
with  a  Someproof  finish. 
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ROCKBESTOS 

Permanently  Insulated  Wires 

solve  wiring  problems  in 
Electronic  and  Communications 
Equipment 


Sues  \o.  H,  IS  and  IS  A  VTQ  in  tvo  to  tii  comJuctort  with  JOIJS",  JMS” 
or  (for  116  volt  terrict)  JOSI "  of  /tUtd  (ubettot  insulation  and  plated  steel 


ROCKBESTOS  ASBESTOS  IHSULATEO  APPLIANCE  LEAD  WIRE 

Sues  So.  8  to  to  A  WO  solid  or  stranded  copper,  monel  or  nickel  conduc¬ 
tors  insulated  loilh  JOSI”  or  JOIfi"  of  felted  asbestos  in  black,  white  or 
eolors. 


This  Rockbestos  All-.ksbestoa  Insulated  Lead  Wire  will  not  dry  out 
and  crack  under  heat  and  vibration,  won't  rot,  swell  or  Bow  as  a  result 
of  contact  with  oil  or  grease,  and  has  ample  moisture  resistance  for 
moat  applications. 


A  multi-conductor  control  wire  for  low  voltage 
intercomni unirating,  signal  and  temperature  control 
systems.  Its  life-time  imsulation  and  rugged  steel 
armor  will  give  you  trouble-proof  circuits. 


ROCKBESTOS  TYPE  CA  LEAD  WIRE 

Sises  So.  8  to  to  .A  WO  solul  or  stranded  copper,  monel  or  nickd  eondssc- 
tors  insulated  with  synthetic  tape  and  varying  wall  thicknesses  of  felted 
asbestos  in  black,  white  or  colors. 


ROCKBESTOS  ASBESTOS  INSULATED  MAGNET  WIRE 

Round,  square  and  rectangular  asbestos  insulated  conductors  finished  to 
isseet  varying  winding  conditions  and  coil  treatment  requirements. 


The  first  light  weight,  small  diameter,  flame  resistant  hookup  wire, 
designed  in  1937  and  widely  used  since  in  airborne  and  ground  com¬ 
munication  sj'stems,  electronic  devices,  instruments  and  apparatus. 
Operating  temperatures  range  from  145*C.  to  minus  50*C.  .Also  with 
tinned  cupper  shielding  braid  and  in  twisted 
pair  or  tripled  construction. 


Rockbestos  Type  CA  Lead  Wire  has  the  same  general  characteristics 
as  mentioned  above,  plus  additional  moisture  resistance  and  higher 
dielectric  strength  provided  by  the  thin,  tough,  moisture-resistant 
s)'ntbetic  tape  next  to  the  cumiuctor. 


Designed  for  Class  R  windings  and  also  suitable  for  use  as  insulated 
bus  wire  where  high  dielectric  strength  is  not  required.  The  insulation 

na  tWk <•  n  ta  K^sa  I  uawtasM 


ROCKBESTOS  S/C  FIREWAU  RADIO  HOOKUP  WIRE 

5iars  So.  Ct  to  4  AWO  in  1000  volt  rating,  and  So,  It,  14  and  16  .AWO 
in  SOOO  volt. 


justified.  He  said  that  even  today, 
with  manufacturers  limiting  and 
combining  types  and  production  ex¬ 
panded  at  least  three  times  from  the 
pre-war  peak,  few  individual  orders 
were  for  more  than  5,000  meters  and 
most  of  them  were  for  mere  hun¬ 
dreds.  He  suggested  that  further 
reduction  in  the  number  of  required 
instrument  types  could  readily  be 
obtained  through  standardization 
and  development  of  a  “preferred” 
list,  pointed  to  the  excellent  type- 
limitation  job  which  has  been  done 
by  the  Army  and  Navy  in  connec¬ 
tion  with  non-radio  aircraft  instru¬ 
ments  such  as  those  used  in  connec¬ 
tion  with  altimeters  and  tachom¬ 
eters. 

Harry  Sparks,  also  discussing  in¬ 
struments,  said  that  possibly  30,- 
000,000  meters  may  be  needed  this 
year,  told  how,  back  in  1934,  reduc¬ 
tion  in  the  number  of  watt-hour 
meters  made  for  public  utilities 
from  80  of  a  certain  type  to  2  cut 
production  costs  and  saved  50  per- 
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cent  of  the  labor  required  in  the 
field  when  taking  readings,  cited 
the  fact  that  standardization  on 
fewer  non-radio  instruments  for  air¬ 
craft  has  cut  the  production  back¬ 
log  so  that  not  one  plane  is  now  held 
on  the  ground  for  lack  of  such 
instruments. 

Frank  McIntosh  told  how  stand¬ 
ards  helped  even  in  the  mainte¬ 
nance  of  civilian  radios,  pointing 
out  that  speaker,  mica-capacitor  and 
resistor  stocks  now  appeared  ade¬ 
quate  to  take  care  of  the  52,000,000 
receivers  in  use  and  that  reduction 
of  the  types  of  other  components 
through  standardization  would  soon 
remove  bottlenecks.  He  said  that 
the  war  effort,  the  public  and  the 
industry  would  be  served  by  reduc¬ 
tion  of  replacement  electrolytic  ca¬ 
pacitor  types  from  several  hundred 
to  nine,  reduction  of  a  similarly 
large  number  of  paper  capacitor 
types  to  nine,  reduction  of  volume- 
controls  from  2,700  types  to  eleven 
and  transformer  types,  including 

Caiidid-ccim«ra  shots,  token  here 

vention  hall  at  the  Sagamore,  by  1 


audio  chokes,  from  375  to  twelve. 

Men  commenting  from  the  flcor 
during  the  panel  discussion  were 
too  numerous  to  list  here  but  the 
following  names,  with  affiliatioas, 
will  serve  to  indicate  the  varif  ty 
of  interests  which  were  vocal  at  the 
meeting:  William  Hilliard,  H.  L 
Spencer  and  L.  J.  Hruska  of  Bendix, 
H.  R.  Menefee  and  J.  M.  Caller  of 
Sperry,  D.  F.  Schmit  of  RCA,  H.  D. 
Sarkis  of  Crosley,  F.  E.  Hansen  of 
WE,  W.  A.  Bischoff  of  Bell,  Col. 
L.  J.  Harris,  Maj.  R.  Framme,  Capt. 
B.  Spano  and  Lt.  R.  Geiger  (USN). 

Guests  at  a  dinner  at  the  con¬ 
clusion  of  the  panel  discussion  in¬ 
cluded:  (Army)  Maj.  Gen.  P.  B. 
Colton,  Maj.  Gen.  L.  D.  Clay,  Brig. 
Gen.  J.  F.  Gardner,  Col.  G.  C.  Irwin; 
(Navy)  Vice  Adm.  S.  H.  Robinson, 
Rear  Adm.  Earle  W.  Mills,  Rear 
Adm.  G.  R.  Jones,  Capt  J.  B.  Dow, 
Comm.  D.  R.  Hull,  Lt  Comm.  R.  L 
DeGroff.  Also  at  the  head  table 
were  R.  C.  Ellis  of  WPB  and  P.  G. 
Agnew  of  ASA. 
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MI^^ANCE 


IT  TAXIS  RUBBIR  TO  ABSORB  VIBRATION 

LORD  MANUFACTURING  COMPANY 

ERIE,  PENNSYLVANIA 


%ALIS  MCPBCSCM-TATIVCS 
NEW  YORK  ?BO  HAOISON  AVC 

CHICAGO  ^20  N  MICHIGAN  AV£. 
OCTROIT  •  7310  WOODWARD  AVt 

BURBANK.  CAL.  •  24S  E.  OLfVE  AVE 


HCAVY  PtINTtNG  Pni$% 


VIBRATION  is  no  longer  a  necessary  evil;  it  can  be 
controlled;  its  harmful  effects  can  be  minimized. 

Lord  Mountings  are  designed  for  this  purpose,  whether 
the  problem  is  one  of  isolating  light,  delicate  equipment  j 
from  surrounding  vibratory  forces,  or  controlling  vibra* 
tion  emanating  from  heavy  massive  machinery. 

There  is  a  Lord  Mounting  to  suit  any  combination 
of  weight,  frequency,  deflection,  and  operating  con¬ 
ditions.  With  full  factual  information  on  any  problem, 
we  can  tell  you  how  to  properly  mount  smy  piece  of  i 
equipment,  to  prolong  its  active  life  and  ri'dcce  mainte¬ 
nance  charges  for  your  customers. 

For  complete  information  covering  all  Lord 
Mountings,  including  an  engineering  discussion  on  vi¬ 
bration  control,  write  for  bulletins  103  and  104,  or  call 
in  a  Lord  Vibration  Engineer  for  consultation  on  your 
vibration  problems.  There  is  no  obligation. 


Properly  lustalM  lORD  Monrtings 


noioMG  tQuirmm  un  by  isolating  vibration,  which 

roKueoa  ntatal  iatiguo  anK  provonts  mochaiuoal  iailuro. 


aiacsarr  iH-tiNt  iNCiNt  mouhtinq 


IMCRiASi  PRODUCTION  by  oliaiiMting  the  necessity  for 

eleae  maehiniitg  ai\4  precision  alignment. 

SAVE  VITAL  MATERIAL  by  reducing  equipment  weight; 

irtertia  masses  of  machinery  bases  can  be  reduced  or  eliminated. 

INCREASE  PERSONNEL  EmCIENCY  by  elimirmting  nerve 

wearittg  noise  and  vibration,  translated  through  solid  conduction. 


LOWER  MAINTENANCE  COSTS  by  protecting  equipment 

against  sudden  load  shocks  and  stresses,  thereby  minimising  repair 
and  replacement  operations. 


bonded  rubber 


MOUNTINGS 


For  All  Types  of  Electrrcdl  dTid  Mechtihical  Equipment 


V 'i.TA' ,f;  or  .  w  '  .viTi-  amperit 
BATT!:RY  &  CHAh'.-.':R  ,  V'  LTA.-.i:  VARIES 
VARIES  ArPR-  X  Y 


AMPIMU 

REGULATORS 


50%  2% 


'pteUttwA: 

1.  Amperites  cut  battery  voltage  fiuctua* 
tion  irom  approximately  50%  to  2%. 

2.  Hermetically  sealed  —  affected  by 
altitude,  ambient  temperature,  humidity. 

3.  Compact,  light,  and  inexpensive. 

Used  by  UJS.  Army.  Navy,  and  Air  Corps. 


W.  F. 

Diehl 

Arthur  Lynch 

Air.  & 

Mar.  Inst. 

Erco 

DElAr  RBLAYS:  For  dolayt  from  t  to  100  *ecoocf(.!i 

BonotUoaUy  sooiad.  (/ooEfactad  by  abitada. . . .  Sand  tor  c<HaJo9iia  sbaot.*' 


IKICCDQt  ^  folder  will  help  you  solve 

t  •  V  V.7I I V Cd\  Current  and  Voltage  Problems:  contains 

■much  valuable  data  in  practical  form  W  rite  tor  you:  copy  now 


AMPERITE  CO.,  561  Broadway,  New  York  (1^-), 

In  Canada:  Allas  fladio  Cotp.,  Ltd..  560  King  St.,  W.  Toronto 
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ACCURACY 


and  VELVET  DRIVE 


In  War  as  in  Peace,  National  Dials  provide  the 
smooth  effortless  control  that  makes  the  operator 
master  of  his  equipment.  Enormous  increases  in  our 
productive  capacity  are  meeting  war>time  demands, 
and  National  Dials  are  available  with  reasonably 
prompt  delivery  to  users  having  the  necessary 
priority. 


Th«  photograph  immediately  above 
shows  an  installation  inside  a  Pan- 
American  Clipper,  National  Dials  have 
been  a  favorite  with  Pan-American 
Airways  for  mony  years. 

TYPE  N  DIAL— Poor-inch  diameter 
with  engine  divided  scale  and  flush 
vernier,  5  to  1  ratio.  '• 

TYPE  ACN  DIAL— Designed  for  di¬ 
rect  calibration.  Dial  bezel  size 


TYPE  B  DIAL — Compact,  variable- 
ratio  drive  inclosed  in  bakelite  case. 
Illuminator  available. 

TYPE  BM  DIAL— Similar  to  Type  B, 
but  smaller  in  size  and  having  a 
fixed  ratio. 

TYPE  A  DIAL— The  Original  Velvet 
-  Vernier  Dial,  an  unchallenged  fa- 
1  vorite  for  twenty  years.  ^  - 


NATIONAL  COMPANY,  INC 

MALDEN,  MASS. 


« 


Today,  as  a  result  of  American  en¬ 
gineering  skill  ingeniously  applying 
amplification  principles  to  highly 
specialized  instruments,  thousands 
of  amplifiers  by  “Eastern**  help  to 
guide  our  army  and  navy  bombers 
with  unerring  accuracy  in  success¬ 


fully  completing  their  vital  missions. 
Our  engineering  staff  invites  your 
inquiry — large  and  small  production 
runs,  even  single  units,  receive  our 
usual  prompt  attention.  Write  for 
Bulletin  95 


BACK  THE  ATTACK  ★ 
BUY  WAR  BONDS  « 


BUTTON  TYPE.  FLAT  OR  STEPPED  TYPE 


SQUARE,  OBLONG  AND  ROUND 


CLOSEST  TOLERANCES 


EXCELLENT  FINISH 


MINIMUM  LAPPING 

GREAT  SAVINGS  IN  MAN  HOURS 
AND  COSTS 


PROMPT  DELIVERIES 

Send  for  full  information 

UNION,  NfW  JIRSiY 
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PLAX  POIYSTYRENE 


^"SJieet,  Rod,  and  Tub 
Application  Hints  ^ 


Polystyrene  has  been  found  to  be  best  suited  to 
the  process  due  to  its  chemical  inactivity,  dimen* 
sional  stability,  and  moldability.  The  low  water 
absorption  . . . 

— Electronic  Industries,  Oct.  1943,  p.  75 


"Polystyrene  was  selected  for  this  application 
because  it  has  >;ood  acid  resistance  and  can  be 
machineij  readily  to  close  tolerances  .  . 

—  Produc^t  hnjtineering,  Oct.  1  943,  p.  62 ^ 
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1171  TREMONT  ST..  BOSTON  20.  MASS..  U.S.A. 


Navy  View  on  Standards 

The  increased  electronic  production 
required  by  the  needs  of  the  armed 
forces  in  1944  makes  it  imperative 
that  the  subject  of  component  parts 
standards  be  given  serious  considera-  . 
tion  by  engineers  at  this  time.  (See 
feature  article  on  this  subject  in 
this  issue  of  Electronics.)  Since 
the  matter  of  simplicity  of  design 
in  U.  S.  Navy  radio  equipment  is 
becoming  increasingly  important 
the  following  views  of  the  Navy  De¬ 
partment,  Bureau  of  Ships,  originally 
distributed  only  to  the  Design  Branch 
of  the  Radio  Division,  may  well  serve 
as  a  guide  to  design  engineers. 

The  Bureau  views  with  concern  the 
trend  toward  increasingly  complex 
radio  and  allied  electronics  equip¬ 
ment.  This  tendency  is  objectionable 
because  of  the  large  variety  of 
slightly  different  components  to^be 
manufactured  for  initial  production, 
the  difficulties  confronting  servicing 
personnel  in  maintaining  equipment, 
and  the  astronomically  large  variety 
of  components  that  must  be  carried 
in  stocks  throughout  the  world.* 

It  is  fully  realized  that  in  part  the 
equipmeiil  complications  arise  in  im¬ 
provements  intended  to  afford  the 
Fleet  equipment  with  improved  oper¬ 
ating  characteristics.  It  is  also,  real¬ 
ized  that  electronics  designers  have 
been  schooled  for  years,  in  particular, 
to  strive  for  perfect  performance 
from  each  circuit.  Frequently  this 
urge  to  reach  perfection  hRs  resulted 
in  assemblages  of  circuits  that  not  j 
only  meet  the  overall  performance  | 
characteristics  desired  but  also  have 
a  large  margin  of  unusable  capacity. 

The.  Bureau  desires  that  design 
supervikors  be  -  instructed  to  care¬ 
fully  examine  each  proposed  design 
with  a  view  to  the  ultimate  produc¬ 
tion  of  the  simplest  possible  func¬ 
tionally  satisfactory  equipment.  * 

A  few  examples  of  the  questions 
that  should  be  considered  during 
such  an  examination  are: 

(a)  Considering  the  overall  per¬ 
formance  desired,  is  this  special 
component  (transformer,  capacitor, 
etc.,)  actually  necessary  or  will  the 
component  now  in  production  be 
really  satisfactory  though  slightly 
less  efficient? 

(b)  Considering  the  overall  per¬ 
formance  desired,  and  all  of  the  re¬ 
sistors  (or  capacitors)  used,  of  ap¬ 
proximately  the  same  size,  as  a  block, 
would  it  be  undesirable  or  imprac- 
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•  Globar  Brand  Resistors,  built  to  speci¬ 
fications.  tabulated  below,  will  reduce  your 
production  costs,  improve  the  performance 
of  your  circuits,  help  take  the  headaches 
out  of  your  service  department  and 
strengthen  your  reputation  for  quality 
devices. 

A  resistor  is  essentially  an  energy  dissi(>a- 
tor  and  as  such  it  should  be  rugged.  Since 
the  demands  of  electronic  circuits  are 
quantitatively  exacting,  a  resistor  should 
be  electrically  and  mechanically  stable  so 
that  it  will  retain  indefinitely  its  estab¬ 
lished  resistance  value  at  normal  loading. 
A  good  resistor  should  withstand,  without 
suffering  a  permanent  change  in  resistance, 
the  maximum  accidental  over-voltagp  to 
which  it  might  be  subjected  in  service. 
Moreover,  it  shou]d^J?ci  free  from  micro- 
phonic  effects,  ind^CTance  and  capacity.  It 
should  have  a  comparatively  straight  line 
temperature  and  voltage  characteristic  and 
it  should  not  be  averted  by  humid  atmos¬ 
pheres. 

Globar  Brand  Resistors  are  built  to 
meet  these  requirements. 

This  compemy  was  one  of  the  first  nianu- 
facturers  of  electronic  resistors  and  today 
Globar  Brand  Resistors,  steadfast  aj^ainst 
abuse,  are  serving  as  precision  weirs  in  the 
electron  arteries  and  capillaries  of  elec¬ 
tronic  circuits  throughout  the  ^^orld.  A 
trial  in  your  'elec^onic  circuits  will  serve 
to  verify  these  claims. 

mrscAi  ANO  lucTMCu  SHonanoNs 
TYfi  Rfsnrois 


•  TELEGRAPH  KEYS  TO  SIGNAL 
CORPS  SPECIFICATIONS 

Typ«s  now  In  prodMcflom  In- 
clvd«; 


•  A$k  for  dofollt  and 
qoofofloas 
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Globar  Division 


NIAGARA  FALLS,  N.  Y. 

'CuiMmiBduai  and  Globar  arc  registered  trade-marks  oT 
^and  indicate  mamifoctiire  b%  Tlie  ( '.arl»orundiim  Company^ 
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J-31 

J-ll 

J-40 

J-2t 

J^I4L 

J.2Y 

J44 

J40 

J.45 

J-31 

J-4S 

J-33 

J47 

J-37 

J-4t-A 

AN  ANNOUNCEMENT 


We  are  privileged  to  announce  that  we  are  now  manu¬ 
facturing  automatic  selector  mechanisms — Yardeny  Spot 
Tuners — for  the  United  States  Navy,  for  use  in  Naval  Planes. 

These  instruments  are  4Vi"  by  4V2"  by  2%"  and  weigh  ap¬ 
proximately  3  pounds.  Reset  accuracy  between  1/100  and 
5/100  of  1°.  Simplicity  in  presetting  desired  positions. 

We  shall  be  glad  to  discuss  the  subject  of  these  appliances 
with  radio  manufacturers  and  other  manufacturers  in  the 
remote  control  field  for  present  use,  as  well  as  for  post¬ 
war  development. 

SELF  WINDING  CLOCK  COMPANY,  Inc. 

475  Fifth  Avenue 
New  York  17,  New  York 
Telephone:  MUrray  Hill  3-2466 

Facton’  at: 

205  Willoughby  Ave. 

Brooklyn  5,  N.  Y. 

Telephone:  Main' 2-6300 


Makers  of 

'The  only  clock  used  in  the  Western  Union  Telegraph  Co's.  Time  Service' 
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Ths  roLiiOwiMe  asticl*  wu  recelTwI 
In  the  Office  of  the  (^lef  Sifnal  Offleer 
from  a  War  Obserrer  attached  to  the 
American  Fifth  Army  now  battling  la 
Italy.  The  portiona  encloaed  in  Mtea- 
thesee  have  been  added  by  the  Office  of 
the  Chief  Signal  Officer  to  explain  moro 
fully  the  wnter’a  referencea. 

With  the  Fifth  Army  in  Italy  - 
Communications,  like  rations,  an 
one  thing  the  artillery,  engineer! 
and  doughboys  depend  on  at  all  ilmea 
particularly  in  a  landing  operation 
And  communications  those  ii  oopi 
had  when  they  invaded  the  Salern( 
Sector  on  “D”  Day,  September  S 
1943,  when  virtually  every  type  a 
troops  in  the  Fifth  Army  hit  thi 
sand. 

This  wasn’t  all  happenstance.  I 
came  about  through  careful  pla’^nfni 
by  the  Signal  Corps. 

Communications  with  ships  in  Ut 
harbor — command  ships,  rather  th*i 


Signal  Corps  in  Italy 
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Cx>H100C&,  SHOCK-PROOF  RELAYS 

GIVE  OUTSTANDING  PERFORMANCE 

The  outstanding  performance  of  SP  relays  have  gained  wide  acceptance  in 
communications  equipment,  radio  equipment,  aircraft  equipment  and  other 
essential  applications  where  a  small,  compact,  shock  proof  general  pur¬ 
pose  relay  can  be  used.  SP  relays  are  available  in  both  AC  and  DC  types. 

WRITE  FOR  NEW  DESCRIPTIVE  CATALOG 
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field 

rrinVclV'-.-  -■  '■  •  1 

1 

ticable  to  use  the  same  resistor  vsiue 
at  all  circuit  points?  Could  that 
value  be  a  standard  one? 

(c)  Considering  the  overall  per¬ 
formance  desired,  is  it  necessary  to 
use  so  many  different  tube  types! 
Or  would  it  be  desirable  from  a  broad 
viewpoint  to  use  fewer  types  perhaps 
even  at  the  expense  of  an  added 
stage? 

(d)  Have  the  layouts  and  wire 
plans  become  complicated  because  of 
a  desire  for  ultimate  performance 
(particularly  gain)  from  each  stage, 
so  that  excessive  overall  performance 
has  been  obtained  at  the  expense  of 
ease  of  maintenance? 

(e)  On  the  other  hand,  are  there 
components  included  that  are  mar¬ 
ginal  in  design;  that  is:  Do  the 
transformers,  capacitors,  etc.,  have  a 
sufiicient  factor  of  safety  against 
excessive  current  or  voltage  to  in¬ 
sure  trouble-free  operation?  Are 
tubes  being  worked  beyond  their  rat¬ 
ings? 

While  it  is  fully  appreciated  that 
the  problem  posed  is  not  easy,  it  is 
believed  that  in  the  forward  rush  of 
the  war  the  virtues  of  simplicity  are 


in  danger  of  neglect.  The  Bureau 

EIGHTH  AVENUE  SO.  •  WINNEAPOLIS  IS,  MINN.  HO  desire  at  all  to  impair  per¬ 


formance  to  secure  pure  simi^dty, 
but  is  not  at  all  convinced  that  ail 
present  complexities  are  necessary. 

The  earnest  cooperation  of  all  de¬ 
sign  agencies  will  be  appreciated.  It 
is  now  thought  that  the  result  of 
such  action  will  be  better  equipTnent 
for  the  ultimate  purpose  which  U 
victory. 
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DUPIICATES 


IN  PIACI  OR  AT  WAR,  each  component 
leaving  our  production  line  is  a  duplicate  of  the 
one  preceding  it  .  exact  in  specification,  toler¬ 
ance  and  quality.  By  the  full  application  of 
modem  manufacturing  methods,  we  have  suc¬ 
cessfully  introduced  a  standard  of  accuracy  pos¬ 
sible  only  to  completely  “tooled^  production. 
You  receive  components  in  which  there  is  less 
than  permissible  deviation  .  . .  whether  in  stand¬ 
ard  models  or  individual  requirements. 


Before  Pearl  Harbor,  our  highly  mechanized 
methods  made  us  the  world’s  largest  producers 
of  mica  trimmer  condensers.  Production  of  trim¬ 
mer  and  padder  condensers,  coils  and  other 
components  and  assemblies  will  be  even  more 
highly  mechanized  after  the  war,  permitting 
speedier  deliveries  as  well  as  precise  and  uni¬ 
form  manufacture. 


AUTOMATIC  WINDING  CO.,  INC. 

COMPLETE  ELECTRONIC  ASSEMBLIES  AND  COMPONENT  PARTS 

900  PASSAIC  AVENUE  -  EAST  NEWARK,  N.  J. 


SIGNAL  CORPS 
SPECIFICATION 


There  are  insulating  var¬ 
nishes  in  the  DOLPH  line 
formulated  to  meet  rigid 
requirements  and  are  espe- 
dally  designed  for  use  in 
connection  with  radio  trans¬ 
former,  choke  and  all  other 
types  of  coils  as  well  as  ra¬ 
dio  dynamotors,  invertors, 
generators  and  capacitors. 

£xtra 

Proteetion 

These  varnishes  will  pro¬ 
vide  your  equipment  extra 
protection  under  the  most 
adverse  conditions.  IF  IT’S 


HI6N  DIEUCTRiC  STREN6TN 
GLOSSY.  TOUGH  FINISH 
HIGH  ARC  RESISTANCE 
ALKALI  RESISTANCE 
ACID  RESISTANCE 
WATERPROOFNESS 
OILPROOFNESS 
or  FAST  CURING 

that  you  want,  why  not 
write  today  for  further  in¬ 
formation  regarding  these 
varnishes  ? 


JOHN  C.  DOLPH  COMPANY 


clohng  Varnnh  Spec»a^i|ti 


169'A  Emmet  St.,  Newark.  New  Jersey 


the  conventional  well-grounded  Army 
command  [X>8t8 — were  established  at 
almost  the  precise  moment  the  first 
troops  set  foot  ashore,  and  although 
maintenance  of  these  lines  was 
rugged  at  times,  there  were  few  in¬ 
stances  where  the  troops  ashore  were 
out  of  instant  contact  either  with 
their  sister  platoons,  companies,  bat¬ 
talion  or  regimental  headquarters  or 
the  higher  echelons  of  command. 

The  work  of  the  Signal  Corps  was 
inspiring,  and  in  order  to  furnish 
the  high  command  with  the  neces¬ 
sary  verbal  picture  these  men  fre¬ 
quently  got  out  ahead  of  the  combat 
troops. 

In  Italy,  one  Signal  company  ac¬ 
tually  got  ahead  of  the  Infantry, 
with  the  result  that  the  information 
they  phoned  back  to  the  crews  of 
heavy  guns  of  the  destroyers,  cruis¬ 
ers,  and  other  craft  in  the  harbor 
offshore,  brought  about  the  destruc¬ 
tion  of  German  Mark  VI  tanks  which 
threatened  the  whole  landing  party. 

Though  virtually  every  type  of 
equipment  the  Signal  companies  had 
at  their  disposal  that  day,  and  for 
days  to  come,  was  in  use,  there  was 
little  opportunity  to  determine  which 
piece  of  equipment  was  the  most 
valuable.  Like  the  artilleryman  or 
engineer,  it  all  depended  on  whom 
you  talked  with,  each  had  his  favor¬ 
ite.  The  consensus  was,  however, 
that  thjB  “handie-talkie,”  that  small 
compact  radio  set  that  gives  the  pla¬ 
toon  an  opportunity  to  communicate 
with  its  company  commander  or  bat¬ 
talion  leader  instantly,  won  universal 
approval.  It  provided  much  needed 
communication  with  isolated  groups 
and  parties  sent  forward  to  recon- 
noiter. 

(The  handie-talkie  is  a  five-tube 
transceiver,  built  with  the  precision 
of  a  wrist  watch.  Complete  with  bat¬ 
tery,  it  weighs  five  pounds.  When 
not  in  use  the  set  is  slung  over  the 
soldier’s  left  shoulder  by  a  strap, 
and  the  telescopic  antenna  collapses 
into  the  case.  Extending  the  antenna 
turns  on  the  set  automatically.  The 
only  other  adjustment  that  is  neces¬ 
sary  is  to  push  the  “pre.ss  to  talk” 
button  under  the  operator’s  finger¬ 
tips.  changing  the  circuit  of  the  set 
from  a  receiver  to  a  transmitter.) 

Regimental  communications  offi¬ 
cers  were  generally  high  in  their 
praise  of  the  600  series,  which  gained 
considerable  use  during  this  invasion. 

(The  600  series  of  Signal  Corps 
radios  consists  of  three  different 


•  NUMBERALL  • 


NUMBERING  and 
LETTERING  PRESS 


QuicUy  stamps  sartal  nuanbars 
and  ottiar  datails  on  nama 
platas,  namas  and  mimbars  aa 
tags,  ate.  Can  also  ba  fur- 
nishad  for  HOT  stamping. 
Writa  for  catalog. 

NUMBERALL 

STAMP  &  TOOL  CO. 

- A  |i  Y 


CAN  YON  Fill  ONE  OF  TIESE 

MOST  IMPORTANT  war  jobs? 

If :  you  know  theory  and  practice,  you 
are  urgently  needw  by,- 4  noo-|)rofit, 
non-commercial  ornnization  assigned 
to  .vital  war  researra.  •  -i  s 

•  Electronic  Engineers 

•  Radio  Engineers 

•  Electficol  Engineei^ 

•  Physicists 

•  Mechonlcol  Engineers 

•  Electrical  Designers 

•  Electronic  Designers 

•  Communication  Engineers 

•  Electronic  Tecknickins 

If  you  Mrt  im  one  of  the  ohovt  emtogorUt  mtd  youi 
bightsi  skill  is  not  hting  ulilittd  to  btlp  snot  urti 
and  mattrinls,  to  help  shorten  the  wee,  pltes* 
write!  ACT  SOW! 

Salaries  based  on  experience,  ability,  edua- 
tion  and  past  earnings.  In  addidon,  we  will 
pay  all  expenses  of  transportation,  moving, 
etc.,  for  you  and  your  family.  Living  qu«- 
ters  will  be  made  available.  If  granted  an  in 
terview,  we  will  compensate  you  for  all 
expenses  incurred  in  coming  to  New  Lon¬ 
don.  Don’t  wait!  Write,  stating  background 
and  experience  to  .  .  . 

PERSONNEL  DEPT. 

P.  O.  Rm  271,  New  L««SM^  Cm*. 
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Dependable  Power 

for  Blower  Applications 


. . .  Oster  Type  C-2B  Motor  (yioo  H.  P.) 
stands  up  in  severe  ambient  temperatures 

This  specialized  motor,  developed  for  vitally  important  war¬ 
time  applications,  operates  satisfactorily  in  a  90’  ambient,  for 
continuous  duty.  It  is  quality-built  by  the  Oster  organization, 
which  for  15  years  has  been  building  fraaional  horsepower 
motors  for  use  exclusively  as  original  equipment  on  Oster 
motor-driven  appliances.  Ball-bearing  equipped;  built  in  an 
aluminum  die-cast  housing;  6,  12,  24,  or  115  volts  DC,  115 
volts  AC  ...  You  can  depend  on  Oster  motors  to  live  up  to 
the  world-wide  reputation  of  pre-war  Oster  appliances,  and  to 

to  your  requirements.  m-i3 

John  Oster  Mfg.  Co. 

Department  L-13 


G.  A.  W.  Carbonyl 
Iron  Powders 

Ext«nsiTe  rMMorcli  and  manufacturing 
d«T«lopm«nt  has  b««n  put  bock  of  th« 

Torloua  G.  A.  W.  Carbonyl  Iron  Powdors 
— uMd  by  loading  coro  monuiacturors. 

Powdors  with  difforont  choractoriotics 
are  arailable  for  specific  radio^lec- 
tronic  applications. 

Write  for  samples  and 
further  Information. 

GENERAL  ANILINE  WORKS 

4  rffvtsiww  mt 

General  Aniline  and  Film  Corporation 

435  Hedson  Sf..  New  York.  N.  Y. 

Maswfoctwrwrs  mad  Sala  DIsfribwfors 


CINAUDA6RAPH  SPEAKERS 


3911  S.  Michigan  Ave.,  Chicago 

'  in  a//  //tr 


264 


types:  the  SCR  608,  SCR  609,  and 
SCR  610.  All  are  operated  with  fr*. 
quency  modulation  for  voice  com¬ 
munications  and  are  used  by  combat 
troops  to  set  up  wireless  nets  during 
battle.  The  SCR  608  is  a  mobile 
artillery  and  field  artillery  set  which 
is  powered  from  the  storage  battery 
of  the  vehicle  in  which  it  is  installed, 
and  is  extremely  rugged  in  construc¬ 
tion.  It  consists  of  two  receivers  and 
one  transmitter  mounted  on  a  single 
base.  Intercabling  complications  are 
by-passed  by  a  series  of  plugs  on  the 
set  matching  sockets  on  the  base. 
The  set  has  a  number  of  channels 
which  can  be  changed  instanta¬ 
neously  by  push-button  tuning. 

The  SCR  609  is  a  two-piece  bat¬ 
tery-operated  set,  each  part  of  which 
looks  like  a  portable  t3T)ewriter  case 
when  carried.  It  has  a  telescopic 
antenna,  which  can  be  fitted  into  the 
top  case  when  not  in  use.  It  is  oper¬ 
ated  when  set  down,  and  has  a  choice 
of  several  channels,  selected  by  flip¬ 
ping  a  switch.  The  SCR  610  is  sim¬ 
ilar  to  the  SCR  609  with  added  com¬ 
ponents  allowing  it  to  be  operated 
while  in  motion  in  a  vehicle.  It  gets 
its  power  from  the  storage  battery 
of  the  vehicle  in  which  it  is  mounted. 

During  the  early  operations  most 
of  the  equipment  had  to  be  brought 
ashore  in  “duc^s”  which  frequently 
shipped  water  in  the  ^igh  seas.  On 
the  assault  phase  of  the  operation, 
some  200  tons  of  signal  equipment 
was  brought  ashore  by  the  Fifth 
Army  and  its  respective  units. 


WPB  Cancels  Restrictions 
on  Discs  and  Styli 

i 

Restrictions  on  the  transfer  of 
blank  recording  discs  and  cutting 
styli  (recording  needles)  have  been 
removed  today  by  the  War  Produc¬ 
tion  Board  through  an  amendment 
to  Limitation  Order  L-265,  and  indi¬ 
viduals  can  now  purchase  these 
parts  for  home  recording  without 
priority  ratings. 

The  discs  and  styli  are  used 
chiefly  in  connection  with  radio 
broadcasting  and  sound  recording, 
and  to  a  lesser  extent  by  individual 
consumers  for  home  recording  pur¬ 
poses.  Commercial  users  of  such 
discs  and  styli  purchase  them  nor¬ 
mally  as  operating  supplies,  the 
Radio  and  Radar  Division  of  WPB 
said. 
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greater  economy.  We  have  the  expert 
ence,  engineering  staff,  the  men  and 
the  machines  to  undertake  your  diffi* 
cult  problems.  Consult  us  at  once. 


^men, 

%  W 

//^ 

/ 


**'*c#f, 


into 


^Acy 


HAY  DU  BROTHERS  are  playing  a  vital  part 


in  the  important  and  strenuous  war  efforts  of  the  Electronic 


industries  ,  .  .  supplying  this  field  with  over  twenty-two  ^ 


million  precision  parts  daily. 


No  matter  how  large  the  quantity,  how  close  the  tol- 
'  erance,  how  impossible  the  problem,  we  have  always 


arrived  at  a  solution  that  saves  time,  money  and 


materials  . . .  and  waste  of  time,  money  or  materials 


is  criminal  in  these  war  times. 


Additional  space,  extra  equipment  permits  us 


to  serve  more  clients  .  .  .  faster,  better,  at 


SPECIALISTS  IN  BURNER  TIPS 


iHOS 


A  MfMBfS  OF  THE  Radio  manufacturers  ASSOCIATION 


Mt.  Bethel  Road,  Plainfield,  N.J. 


TUBE  PARTS,  WIRE  FORMS, 
METAL  STAMPING  FOR  RADIO, 
ELECTRICAL,  AVIATION  AND 
INSTRUMENT  MANUFACTURERS 
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Civilian  Tube  Distribution 

A  PLAN  FOR  MORE  balanced  distribu¬ 
tion  of  receiving  tubes  for  civilian 
use  was  proposed  at  the  first  meet¬ 
ing  of  the  electronics  industry  ad¬ 
visory  committee  of  distributors  and 
representatives  of  the  WPB. 

Under  the  plan,  each  of  the  tube 
manufacturers  would  offer  for  sale 
to  the  other  manufacturers  a  cer¬ 
tain  minimum  percentage  of  each 
type  of  tube  he  manufactures,  so 
that  all  manufacturers  would  have  a 
supply  of  all  types  of  tubes.  The 
manufacturers  then  would  offer  to 
their  electronics  distributors  a  sup¬ 
ply  of  tubes  based  on  a  percentage  of 
the  amount  of  tubes  by  type  which 
the  distributors  purchased  in  1941. 

The  plan,  proposed  by  Frank  H. 
McIntosh,  chief  of  the  Domestic  and 
Foreign  Radio  Branch  of  the  Radio 
and  Radar  Division  of  WPB,  presid¬ 
ing  officer  of  the  meeting,  was  ap¬ 
proved  by  the  distributors’  committee 
although  no  formal  decision  was 
reached.  The  proposal  provides  that 
manufacturers  would  set  aside  a 
suitable  quantity  of  their  production 
for  export  purposes. 


IIO-VOLTS  A.  C. 

from  DIRECT  CURRENT 

with  KATOLIGHT  ROTARY  KOKVERTERS  for 
oporating  radio  and  alactronic  aguipmont, 
moving  pictura  projactort,  sound  apparorm, 
A.C.  ap^iancat.  at& 


2»  VOLT- 

AMPERE  CONVERTER 

A  V  a  M  a  b  I  a  in  tliat  W  through  KOO  volt- 
amparat,  IMO  and  3M0  r.p.m.,  ball  baoring 
datignt.  Furnishad  standard  1 10-volt  M  cycis 
A.C.  Irom  32,110  or  220-volts  diract  currant. 
Quiat  In  oparatlon.  Can  ba  furnishad  wM 
spaclal  flltaring  aquipmant  for  sansitiva  radio 
work. 

nONlIRS  IN  THI  lUILDING  Of 
SMAU  ROTARY  CONVIRmS 
At  prasant  Kato's  antira  production  must  bs 
diractad  to  furnishing  convartars  on  high 
priority  ordars.  Wira  us  if  you  naad  thii 
kind  or  aquipmant  for  ordars. 

Ahe  manufactunn  of  A.C.  and  O.C.  ffsaa^ 
ofm  ranging  from  350  waffs  fkroagk  2S  R.IV.; 
powar  planh;  Frnquoncy  ckongars;  kigk  fra- 
quancy  ganarofors;  and  Mofor  danWofor  Safi. 


Every  Type  and  Capacity 
Ready  for  Emergency 
Service  to  Industry! 


Post-War  Electronic  Conveyor 
Belt  for  Communications 

In  A  RECENT  SPEECH  before  the  Na¬ 
tional  Lawyers  Guild  in  Washing¬ 
ton,  FCC  chairman  James  L.  Fly 
stressed  the  importance  of  prepar¬ 
ing  now  for  an  effective  interna¬ 
tional  communications  system.  The 
problem  is  one  which  he  feels  must 
claim  a  prominent  place  in  the  peace 
conference  and  one  which  requires 
utmost  international  cooperation. 

What  the  world  needs,  according 
to  Commissioner  Fly,  is  a  communi-, 
cations  system  comparable  to  that 
now  serving  nations  within  the 
British  Empire.  To  accomplish 
this,  he  advocates  a  consolidation 
of  American  international  carriers 
into  a  single  system  to  be  able  to 
deal  with  monopolies  owned  and 
backed  by  other  governments. 
South  American  facilities  should  be 
freed  from  Axis  controls.  “Our 
consistent  aim  should  be  the  unfet¬ 
tered  flow  of  communications.”  To 
accomplish  this,  the  FCC  chairman 
outlined  certain  basic  principles 
that  must  be  accepted  by  all  nations 
at  the  peace  conference. 

He  attached  special  importance  to 
the  principle  of  instantaneous  radio 


Condensers  represent  but  a 
few  of  thousands  oi  Radio  and 
Electronic  Products  stocked 
and  made  quickly  available 
for  you  by  the  special  Indus¬ 
trial  Emergency  Service  we 
offer!  Engineers,  research 
workers,  maintenance  men, 
purchasing  agents  .  .  every¬ 
one  responsible  for  uninter¬ 
rupted  vital  production  or  re¬ 
search  schedules  . .  can  save 
time  and  trouble,  here.  En¬ 
trust  all  your  electronic  needs 
to  our  technical  staff.  Ask  for 
free  copy  of  big  Reference 
Book  &  Buyer's  Guide.  And, 
send  us  your  orders.  Here's 
a  new  type  of  service,  tuned 
to  the  tempo  of  war.  Try  itl 


REFLEX 
SPEAKERS 
are  row  Ht 
ACCEPTED 
STANDARD 
for  oil 
WAR  USE 


EVERY  REFLEX 
in  tha 

UNIVERSITY  LINE 

h  th*  rasuH  of 

YEARS  of 
RESEARCH 


EVERY  REFLEX 
in  tho 

UNIVERSITY  LINt 
h«t  m  vital  par! 
to  play  in  th* 
WAR  PROGRAM 


WALKER-IIMIESON,  INC. 

311  $.WESTERNAVE., CHICAGO  12.iLL 
Phone  CANal  2525 


Tkara  ara 

OVER  50  SPEAKER 
in  tho 

UNIVERSITY  LINE 


Submit  your  tpaclal 
problams  diract  to  our 
anginaarinq  dapart- 
mant. 
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— ^  The  whole  history  of  progress  in  radio  is  unturned  to  achieve  the  right  result  even  though 
unctuated  by  the  accomplishment  of  a  series  of  it  may  seem  impossible  at  the  start.  \^rs  of  suc> 
eemingly  impossible  tasks.  Had  the  industry  cessfiil  experience  "doing  the  impossible"  has 
topped  every  time  it  was  faced  with  these  difficult  taught  Techrad  engineers  the  knack  of  producing 
iroblems  the  so-called  era  of  electronics  would  radio  components  and  complete  transmitters  of 
|e  non-existent  today.  Fortunately  within  the  surprisingly  superior  quality, 
idio  industry  there  are  a  few  courageous  indi-  When  you  adopt  lechrad  equipment  you  can 
iduals  and  firms  who  never  are  willing  to  accept  be  sure  that  every  detail,  even  to  the  smallest, 
le  diaum  that  "it  cannot  be  done."  v  p  |j  n  unimportant  component  is 

Techrad  is  an  organization  of  expe-  I  EL  V  11  Im  U  soundly  engineered  and  produced, 

ienced  radio  engineers  who  belong  ^  BIllIIllTllK  That’s  because  Techrad  engineers  are 

)  the  pioneering  group.  Their  ap-  idll  ■  mK  firmly  convinced  that  anything  worth 

roach  to  every  problem  in  radio  en-  iUUllllll  ■MM  jlM  building  is  worth  building  well, 

inet’^ing  is  to  keep  focused  upon  the  E  .  Master  engineering  takes  nothing 

leal  objective  and  to  leave  no  stone  .  B  for  granted. 


Technical  Radio  Company 

Over  ten  years  of  continuous  experience 

275  Ninth  Street  •  San  Francisco,  California 

Expert  Agents:  FRA  ZA  R  &  HA  N5EN,  3oi  Clay  Street,  San  Francisce,  Califemia,  U.  S,  A. 
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CARTER  '3&nemJat<>^ 

THE  RELIABLE  POWER  SUPPLY 
DF  FAHOUS  COMMUNICATION  EQUIPMENT 


Thousands  of  these  Carter  Original  Genemotors  are  constantly  providing  thot 
something  "extra"  ini  MOTOROLA'S  famous  FMT-30D  Mobile  fM  Radio  trans¬ 
mitter,  pictured  above.  Why  not  submit  your  requirements  and  become  acquainted 
with  this  preferred  Power  Supply? 

fhe  ictest  cotalogue  of  Carter  products  will  be  sent  upon  request. 


communications  between  all  im;)ON 
tant  areas  of  the  globe,  with  perhaps 
an  “electronic  conveyor  belt”  in  the 
equatorial  zone  to  conserve  fre- 
quencies.  This  would  consist  of 


in  Puer 
India, 

Mexico. 

would  key  into  this  belt  for  instan¬ 
taneous  transmission,  and  full  in¬ 
ternational  use  could  be  made  of 
frequencies  which  are  now  useful 
only  for  short-range  communica¬ 
tions  during  particular  hours  of 
the  day  or  seasons  of  the  year.  For 
example,  a  message  from  New  York 
to  Sydney  would  be  put  on  the  belt 
at  Puerto  Rico, 


China,  Guam,  Havana  and 
.  All  important  world  points 


Monarch  developments  in  production  and 
laboratory  instruments  have  performed  yeo¬ 
man  service  for  the  leading  radio  manufac¬ 
turers  of  America.  Now,  in  war-time,  we  ore 
cooperating  with  these  same  customers  in  de¬ 
veloping  and  producing  radio  and  electronic 
devices  used  in  oiur  war  effort  all  over  the 
globe. 


automatically  re 
layed  via  Mexico,  Hawaii  and  Gum. 
where  it  moves  off  the  belt  and 
down  to  Sydney.  Relatively  fe^ 
frequencies  would  do  the  work  of 
Technical  developments  of 


If  you  need  assistance  in  the 
field  of  radio  or  electronic  develop¬ 
ments,  either  for  war  production  or, 
if  you  are  now  thinking  of  peace¬ 
time  possibilities,  we  will  be  very 
glad  to  talk  things  over  with  you. 


L^WClUO, 


many. 

more  immediate  benefit  are  those 
which  permit  as  many  as  12  radio 
telegraph  circuits  to  operate  in  a 
channel  which  heretofore  would  ae 
commodate  only  one  circuit.  Flj 
also  pointed  to  the  possibilities  ol 
single  sideband  transmission,  whicl 
cuts  channel  requirements  in  half. 

Other  principles  advocated  by  thi 
FCC  chairman  in  working  out  i 
worthwhile  international  comrauni 
cations  system  are  uniform  rate; 
for  all  messages  throughout  tni 
world,  low  enough  to  encouragi 
communications;  uniform  and  lo? 
press  rates;  free  exchange  of  ir 
formation  which  would  lead  eventu 
ally  to  international  radio  broadi  as 
and  to  international  television. 


War  Standard  for  Fixed 
Resistors 

A  NEW  WAR  STANDARD  for  fixed  cuH 
position  “carbon”  resistors  of  les 
than  6-watt  rating  has  been  ai 
nounced  by  the  American  Standarc 
The  new  standard  hi 


Association, 
been  developed  at  the  request  of  tf 
War  Production  Board  with  the  cf 
operation  of  the  War  and  Navy  Df 
partments  and  the  radio  industr; 
This  si;)ecification  will  be  used  by  tt 
armed  forces  in  the- design  of  ne 
equipment  and  as  far  as  practieahli 
for  replacement  parts  also. 

The  standard  is  designed  to  contr 
the  preparation  of  new  manufact'J 
ing  facilities  for  resistors,  which  ai 
now  being  expanded  because  of 
severe  shortage  of  these  parts. 


ftOf  /Wlwtvk**  Avw.  Corfmr,  a  wmfl  known  nomm  in  radh  hr  OYnr  fwnnty  ynor*,  Cobfm  Qpnotnotor 
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A  PPRO: 
elap 
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pulls  out 

During 

deterniin 

<eeds  or 
j  is  a  mac 
He’s  “Eli 
— “Georg( 

Why  i 
Elmer?  ! 
precision 
ver  the  j 
bombing 

Elmer 
—than  ai 
control  is 
accuracy 
ing. 

Elmer 
I  to  and  fr 

RECTROt 


J 


For  the  next  20  seconds, 
the  pilot’s  name  is  Elmer! 


Approximately  20  nervous  seconds 
L  elapse  between  the  time  a  bomber 
foes  into  its  final  run  and  the  time  it 
pulls  out  and  heads  for  home. 

During  these  vital  20  seconds,  which 
determine  whether  the  mission  suc¬ 
ceeds  or  fails,  the  pilot  of  this  bomber 
is  a  machine— the  Sperry  Gyropilot.* 

I  He’s  “Elmer”  to  the  U.  S.  bomber  crews 
—“George”  to  the  fliers  of  the  RAJ. 

Why  is  the  plane  turned  over  to 
Elmer?  Because  Elmer  provides  the 
precision  control  necessary  to  maneu¬ 
ver  the  airplane  correctly  during  the 
bombing  run. 

Elmer  holds  the  ship  steadier— truer 
-than  any  man  can  do.  His  errorless 
control  is  one  of  the  big  reasons  for  the 
accuracy  of  American  precision  bomb¬ 
ing. 

Elmer  not  only  does  this  but,  going 
to  and  from  the  target,  he  can  hold  the 
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big  ships  in  level  flight  and  on  their 
course  with  no  hand  on  the  controls. 

Naturally,  a  device  like  this  is  not 
created  overnight.  Sperry  developed 
the  first  automatic  pilot  before  the  last 
,war.  It  was  designed  to  increase  safety 
in  'flight.  Pioneering  and  development 
work  continued.  In  1933,  Wiley  Post 
flew  around  the  world  alone  with  the 
aid  of  a  Sperry  Gyropilot. 

Post’s  epochal  flight  fiimished  spec¬ 
tacular  proof  that  Elmer  was  practical. 
Sperry  Gyropilots  were  soon  standard 
equipment  on  transport  planes  the 
world  over.  When  World  War  II  came, 
still  fiirther  improvements  had  been 
made  to  give  Elmer  the  precision 
needed  for  bombing  missions. 

Improvements  are  still  being  made. 
When  the  war  is  over,  Elmer,  along 
with  many  other  Sperry  devices  de¬ 
veloped  for  peace  and  adapted  to  war. 


will  return  to  the  work  for  which  he 
was  originally  designed. 

With  more  than  30  years  of  develop¬ 
ment  behind  him,  Elmer,  the  Sperry 
Gyropilot,  will  be  well-equipped  to 
serve  tomorrow’s  world-wide  airlines. 

Anwrican  bombers  are  now  being  equipped 
with  the  new  Sperry  Gyrotroolc*  Pilot,  a  pre¬ 
cision,  electronic  version  of  the  Gyropilot.* 

■XtiiliTk*  IUstit*r«d 


SPERRY 

GYROSCOPE  COMPANY,  INC. 

Brooklyn,  New  York 
Dhrision  of  the  Sperry  Corporation 


INSTANTANEOUS 


RECORDING 


BLANKS 


Broadcasting  stations!  Jk 
Recording  studios!  Im. 
Schools!  "Black  Seal"  yw 
Recording  Blanks  may  aU 
be  obtained  without  de-  HI 
lay  on  on  AA-2X  rating  IHl 
which  is  automatically  vW 
available  to  you. 

Send  us  your  priority,  ^ 
rating,  and  we'll  ship 
these  famous,  better* 
sounding,  longer-wear* 
ing,  more  satisfying 
blanks  immediately.  Two 
weights  —  thin,  flexible, 
interchangeable  with 
aluminum,  or  medium 
weight.  Four  holes.  Cen¬ 
ter-flow  thread  acti(^n. 

Won't  age,  harded,  dry 

out  or  deteriorate^ 

I. 

Old  4luininvm  Blanks  Reeoated  with 
"Black  Seal"  Formula  on  Sftorf  Notice 


^  company  i 

V  V  I 

.  V  ,  Recording  Blank  Division  \ 

395  Broadway  I 
r\r\  New  York  13.  N.  Y.  i 


siKiiers  of  radio  equipment  are  ex¬ 
pected  to  utilize  this  standard  as  ex¬ 
tensively  as  possible  in  order  that 
maximum  production  may  be  had 
with  a  minimum  waste  of  time  and 
material  to  facilitate  servicing  of 
equipment  in  the  field. 

The  specifications  for  the  new  war 
standard,  Fixed  Composition  Resis¬ 
tors  (C75.7-1943)  cover  fixed  com¬ 
position  resistors  suitable  for  use  in 
all  non-specialized  applications  in 
communications  and  electronic  equip¬ 
ment.  Performance  requirements, 
test  methods,  standard  dimensions, 
standard  resistance  values  and  rat¬ 
ings  for  these  resistors  are  contained 
in  the  standard. 

There  are  fixed  composition  resis¬ 
tors  now  in  use  that  are  not  covered 
by  the  new  standard  and  do  not  per¬ 
mit  complete  substitution  by  the 
proposed  resistors.  Because  of  this  it 
is  not  intended  that  their  manufac¬ 
ture  be  immediately  discontinued. 
Neither  is  the  standard  intended  to 
apply  to  special  fixed  resistors  hav¬ 
ing  rigid  requirements  and  a  toler¬ 
ance  of  less  than  five  percent. 

The  standard  may  be  had  without 
charge,  for  procurement  purposes 
only,  from  any  government  agency 
concerned.  It  may  be  obtained  for 
60  cents  from  the  American  Stand¬ 
ards  Association,  29  West  39th  St., 
New  York  18,  N.  Y. 


SURCO-AMERICAN 
meoKi  PRETESTED 

uKcle^  all  c<uidUi(mi 


"Sttico-AiMricaa*'  Ugh  quolitT 
floxibU  plastic  tubings  and  bisu- 
latsd  wiirs  ars  prstsstsd  to  stand 
up  under  a  wide  rang*  of  tompora- 
luros  and  undor  tho  omsI  soToro 
conditions  bocauso  thoy  oto  spe¬ 
cialty  ionnulated  to  nuiet  the  aMsI 
exacting  requirements:  Tubings  ore 
available  in  inside  dianMters  from 
.DOS"  to  2'*.  Dielectric  strength 
averages  ISOO  volts  per  saiL  thin¬ 
ness  .  .  .  “Surco-AMrican**  flexi- 
bio  plastic  insulated  wire  is  avail¬ 
able  in  all  lengths  and  colors  in 
wire  siies  $12  to  (41  A.W.G.  soHd 
or  stranded,  sUelded.  tinned  or 
silver  plated  copper  wire  and  cable 
.  .  .  Technical  bulletins  and  sam¬ 
ples  on  request. 

Address  Dept.  C 


ELECTRICAL  INSULATION  CO. 
M  Purchase  St.  Boston.  Mass. 


Television  Receivers  Surveyed 
The  present  operating  status  of 
television  receivers  now  in  the  hands 
of  the  public  is  indicated  by  the  re¬ 
sults  of  a  survey  conducted  by  NBC 
and  disclosed  by  John  T.  Williams, 
of  the  television  department  of  NBC, 
at  a  luncheon  of  the  American  Mar¬ 
keting  Association. 

The  first  question  asked  in  the 
questionnaire  was,  “What  make  of 
television  receiver  do  you  own?” 
Reports  on  1434  receivers,  with  22 
returns  reporting  more  than  one  re¬ 
ceiver,  indicated  the  following  break¬ 
down  in  percentage:  RCA  60.7,  Du¬ 
Mont  10.4,  G-E  10.2,  Andrea  5.9, 
Westinghouse  1.4,  other  makes  and 
unknown  11.4. 

The  second  question  read,  “What 
size  screen  does  your  receiver  have?” 
The  same  1434  receivers  indicate 
screens  of  the  following  size:  over 
12  inches  3.9  percent,  12-inch  50.2,  9- 
inch  20.5,  5-inch  22.5,  unknown  2.9 
percent. 

The  operating  condition  of  all  tele- 


"Transmission 
Line  Calculator" 

OS  Mfd  by 

Bell  Telephone 
Leboraforlet,  Inc. 


W*  alto  manufactura  tharmo 
plastic  dials,  namaplatM  and 
tnoclal  parts.  Matorlals  art 
Vinylita,  Catiulosa  Acatata, 
Pyralin,  ate. 
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.  .  .  when  screws  painted-in,  nisted-in,  or  “frozen-in”  have  to  be  removed,  saved,  and  used 
again  .  .  .  here  is  a  tool  that  eliminates  this  serious  problem  of  held  maintenance.  This  rugged 
Center  Pivot  hand  driver,  as  used  with  CLUTCH  head  Screws,  is  the  answer.  Note  its  structure; 
its  careful  engineering  to  make  a  deep  dead-center  entry  to  engage  the  straight  walls  of  the 
Clutch  with  a  powerful  torque  that  breaks  the  “freeze”  of  any  screw  for  straight,  easy,  and 
undamaged  withdrawal.  More  than  that,  this  simple  tool  saves  the  screw  for  re-use 
because  the  withdrawal  action  automatically  imites  the  screw  and  driver  as  a  unit ...  to  pre¬ 
vent  trouble  and  possible  danger  arising  from  dropp>ed  and  lost  screws.  In  addition  to  speeding 
and  simplifying  normal  held  adjustments,  this  positive  Lock-On  feature  frequently  saves 

_ _ _  disassembling  surrounding  units  by  furnishing  dead -sure  access 

to  and  from  these  otherwise  impossible  dr  hard-to-get-at  spots. 


For  closer  personal  understanding  of  this  and  other  ex¬ 
clusive  CLUTCH  HEAD  features,  may  we  send  you  an 
assortment  of  screws  and  a  sample  Center  Pivot  Bit  .  .  . 
along  with  illustrated  Brochure  on  CLUTCH  HEAD  Screws.^ 


UNITED  SCREW  AND  BOLT  CORPORATION 

CHICAGO  CLEVELAND  NEW  YORK 
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Pyroferric  Co. 

175  VARICK  I  STREET  NEW  YORK,  1 4,  N.  Y 


vision  receivers  was  the  subject  of 
the  third  question.  The  returns 
showed  that  66.7  percent  of  the  re¬ 
ceivers  were  excellent  or  good,  14.1 
percent  fair,  4.8  percent  poor,  and 
11.2  percent  not  operating.  This 
shows  that  in  spite  of  long  usage 
and  inability  to  get  repairs  or  serv¬ 
ice,  more  than  80  percent  of  the  re¬ 
ceivers  are  still  in  fair  or  better 
operating  condition.  Comments  from 
those  people  that  have  inoperative 
receivers  indicated  that  there  is  a 
high  degree  of  interest  in  television 
among  -  those  set  owners  with  the 
greatest  reason  for  complaint. 

The  fourth  question  concerned  the 
size  of  the  audience  before  each  re¬ 
ceiver.  Of  1118  home  returns,  92.1 
percent  of  the  total  of  that  category, 
an  average  audience  of  8  people  be- 
ore  each  home  receiver  was  reported. 
In  round  figures,  this  is  composed  of 
an  average  of  3  men,  8  women,  and 
2  children. 

In  155  public  places,  78.3  percent 
of  all  those  public  places  returning 
their  questionnaires,  an  average  au¬ 
dience  of  46  individuals  view  the 
programs.  This  group  is  composed  of 
approximately  31  men,  11  women, 
and  4  children. 

In  judging  the  results  of  the  ques¬ 
tionnaire,  it  must  be  remembered 
that  today’s  audience  is  limited  to 
television  receivers  manufactured 
mainly  during  1941  and  prior  to  that 
date.  There  are  approximately  5000 
receivers  in  the  New  York  City  area. 
Some  800  receivers  are  in  the  Phil¬ 
adelphia  area,  and  approximately  400 
in  the  Albany-Troy-Schenectady 
area. 


19  TEARS  OF 
-  INTELLIGENT  - 
DEPENDABLE  SERVICE 
^^IN  NEW  ENGLAND  ^ 


Wliether  you  need  sockets  or  trans¬ 
formers  or  knobs  or  any  special  ports 
in  the  radio  or  electronic  field,  we  are 
prepared  to  help  you  get  them.  Our 
speciolty  is  getting  the  "hard-to-get". 
and  giving  service  and  cooperation  with 
•very  order.  Our  wide  engineering  ex- 
l^ppience  hos  been  of  inestimoble  value 
to  many  manufacturers.  Maybe  it  will  be 
to  you  too.  At  any  rate,  you  won't  know 
till  you  call  us. 


W*  CD*  the  lint  Mob- 
ttioctonn*  R*prMMita- 
tiTM  to  Bupplr  o  com- 
plot*  ENGDfEEBS'  AND 
BUYEB8'  GUIDE  AND  IN¬ 
DEX.  li  you  cm  locotod 
ia  Now  Boglcmd,  your 
•igaoturo  oa  your  lottor- 
hood  will  biiag  oao  to 
you  ptoaapUy. 


manufacturers  REFRESENTATIVES  r==; 

FIELD  ENGINEERS 

221  COLUMBUS  AVENUE  ^  TNI  KBrlS 
BOSTON  16.  MASS.  TT;; 

Tolopkoaos  KENmoro  3012-6333  U 

Rrooca  Offico  ia  Hartfofd,  Connoctiewt 

Sorviag  Manufoctwrort,  Jobbort,  Schooit  ond  Loberaforiot  ia  Now  Eaglaad 
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FLEXIBLE  SHAFTING 


FOR  REMOTE  CONTROL  AND  POWER  TRANSMISSION 


Walker-Tumer  Flexible  Shafting  "gets  around",  in  more  ways  than  one. 
In  engineering  design  it  offers  a  { means^  of  getting  around  obstructions  to 
power  transmission  and  reniote  cbntrol.  Geographically,  too,  it  gets  around. 
Used  on  aircraft  and  other  mechanized  war  equipment,  Walker-Turner 
Flexible  Shafting  is  seeing  action  today  all  over  the  world.  It  has  thoroughly 
demonstrated  its  reliability  under  all  conditions  of  combat.  When  the  need 
came,  engineers  designing  war  machines  for  the  Allied  Nations  found  this 
Shafting  ready.  Its  dependability  had  been  proven  during  many  years 
of  rigoroLus  service  on  industrial  equipment  of  many  kinds. 

If  you  have  a  problem  in  remote  control  or  power  transmission  for  war 
equipment  today — or  peace-time  applications  tomorrow,  get  in  touch  with  us. 

WALKER. TURNER  COMPANY,  INC. 

1414  Berckman  Street,  Plainfield,  N.  J. 
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UNFAILING 

PRECISION 


New  Calls  for  FM  Stations 

The  new  call  letters  of  the  com¬ 
mercial  FM  broadcast  stations,  de¬ 
signed  to  eliminate  the  combination 
I  numeral-letter  arrangement  previ- 
[  ously  used,  are  listed  belcw.  The 
I  old  calls  are  also  given  for  identifica¬ 
tion.  There  are  still  a  number  of 
;  experimental  and  educational  stations 
I  operating  under  their  old  calls  and 
these  have  not  been  listed. 


1h  THE  new  General  Electric  line  ai 

ELECTRONIC  MEASURING  INSTRUMENTS, 
unfailing  precision  is  just  one  of  many 
invaluable  features  designed  by  the 
famous  G-E  electronics  laboraitories — 
you  are  given  a  wide  choice  of  accurate 
appiuRtus  for  service,  maintenance  and 
resemvh  work. 

The  units  include:  G-E  unimeters, 
capacitometers,  audio  oscillators,  wide 
hand  oscilloscopes,  square  wave  gener¬ 
ator^  signal  generators,  power  ippply 
units  and  other  utility  meas'uring 
instruments. 

These  units  are  now  in  production 
primarily  for  the  Armed  Forces  .  .  .  but 
they  may  be  purchased  on  a  priority  if 
you  are  in  war  work.  After  victory,  the 
complete  line  will  be  available  to  all. 


EUCTKONICS 
DEMJITMENT 
GENBUL  ELECTRIC  CO. 

Seksssctady,  N.  Y. 

Please  send,  without  obligation  to 
me,  the  General  Electric  T^iiig  In-  ^ 
strument  Catalog,  B-1  (loose-leaf),  for  f 
my  information  and  files. 

Name _  • 

Companit _ 

Addrenx  _ ■ 


WRKL 

W45BR 

Baton  Rouge,  La. 

WNBF-FM 

W4SBN 

Binghaintoii,  N.  Y. 

WGTR 

W4SB 

Boaton,  Maaa. 

WBZ-FM 

W67B 

Beaton,  Maaa. 

WWZR 

WSIC 

Chleago,  III. 

WGNB 

WSSC 

Chkaga.  III. 

WBBM-FM 

WS7C 

Chteaga,  III. 

WDI.M 

W75C 

Chieaga,  III. 

WMIT 

W41MM 

Clingasan'a  Peak.  N.  C. 

WEI.D 

W4SCM 

CeInnilNia,  Ohio 

WENA 

W4SD 

Detroit,  Mkh. 

WlOU 

W4SD 

Detroit,  Mich. 

WMLL 

W45V 

Eranarllle,  Ind. 

WOWO-FM 

W4SFW 

Fort  Wayne.  Ind. 

wnc-FM 

W53H 

Hartford,  Conn. 

WDRC-FM 

WMH 

Hartford,  Coaa. 

KOZY 

K4tC 

Kansas  CHy,  Mo. 

KHJ-FM 

K4SLA 

Loo  Angoleo.  Calif. 

WMFM 

WS8M 

Milwaakoe.  Wkc. 

WMTW 

WS9B 

Ml  Waahiagton,  N.  H. 

WSM-FM 

W47NV 

NashriBe,  Tean. 

WNYC-FM 

WMNY 

New  York,  N.  Y. 

WGYN 

W47NY 

New  Yerk,  N.  Y. 

WQXQ 

W5SNY 

New  Yerk.  N.  Y. 

WHNF 

WSINY 

New  York.  N.  Y. 

WABC-FM 

WS7NY 

New  York.  N.  Y. 

WOR-FM 

W7INY 

New  York.  N.  Y. 

WABF 

W75NY 

New  York.  N.  Y. 

WIP-FM 

W4SPH 

Pkiladelphia.  Pa. 

WFII.-FM 

WUPH 

Pkitedelphia.  Pa. 

KYW-FM 

W57PH 

Philadelphia.  Pa. 

WCAC-FM 

WStPH 

Philadelphia.  Pa. 

WPEN-FM 

W7SPH 

PhUadelphia,  Pa. 

WTNT 

W47P 

PMtabarg,  Pa. 

KDKA-FM 

W76P 

Pittabnrg.  Pa. 

WHKF 

V47R 

Re^  N.  Y. 

WHFM 

W51B  I 

f  'Center.  N.  Y. 

WBCA 

W47A 

Schenectady,  N.  Y. 

WGFM 

WR8A 

^heaectady.  N.  Y. 

WSBF 

W7ISB'”'  .South  Bend.  Ind. 

Winter  IRE  Meeting 


•  Wo  inwitayotiT  inquiry  tor  G-E  oloctronic 
mamaurin^  oquipment  mmde  to  meet  your 
apecifio  requirement*. 


GENERAL  O  ELECTRIC 


Elmefroale  Maasarfag  fastraaiaats 


!  The  winter  technical  meeting  of 
;he  Institute  of  Radio  Engineers  will  = 
be  held  on  Friday  and  Saturday, 
January  28th  and  29th,  at  the  Hotel 
Commodore,  N.  Y.  Engineers  who 
!  plan  to  attend  will  be  interested  to 
j  ’enow  that  the  American  Institute 
I  of  Electrical  Engineers  is  holding 
,  technical  meetings  the  early  part  of 
V.O  eamo  week.  Communications 
papers  will  be  presented  on  Thursday, 
i  2/th,  and  may  be  heard  by 

?arly-comers  to  the  IRE  meeting. 
Major  General  Colton  will  speak  on 
‘Enemy  Communication  Equipment” 
at  a  joint  AIEE-IRE  session  on 
Thursday  evening.  Both  of  these 
meetings  will  be  held  at  the  Engi-  j 
neering  Societies  Building,  29  West 
39th  St.,  N.  Y. 

The  Institute  has  been  requested 
to  cooperate  in  conserving  the  na¬ 
tion’s  transportation  facilities  and  is 
confining  the  mailing  of  Winter  Tech¬ 
nical  Meeting  notices  to  members  re- 
j  siding  east  of  the  Mississippi. 


PLATINUM 


and  PLATINUM  ALLOYS 
in 


SHEET... 


WIRE  ... 
TUBING... 


For  all  Electronic 
Applications 


Platinum  metals  scrap  and 
residues  refined  and  re¬ 
worked  on  toll  charges;  or 
purchased  outright  by  us  . . , 


Write  for  list  of  Products. 
Discussion  of  technical 
problems  invited  .... 


SIGMUND  COHN  &  CO. 


44  GOLD  ST.  *  NEW  YORK 
S/NCt  1901 


rvice 


*Tho  country's  largosi  sxclu- 
slys  wholosoU  distributor 
of  radio  and  oloctronic 
ports  olfsrs  you  tho  bonollt 
of  its  woU-troinod  organisa¬ 
tion,  long  •xpoiioncs  and 
otccoptfonol  factory  connoc- 
lions,  in  filling  your  PRIOR¬ 
ITY  rocniiromenti. 


•Try  Dalis  —  wxito, 
wiro  or  'phono  .  .  . 


H.  L.  DALIS,  be 

Distributors  of 

RADIO  O  ELECTRONIC  SUmiiS 
17  Union  SgiMra  o  Now  York,  N.Y. 
fhenert  Algonquin  4SIH-S-4-S-S-  7 


A  NEW  ( 


EtECTROt 


A  proWMH  toivtd,  dtsignad,  oad 
predwtd  in  nhitty  days— and 
mod*  possMt  by  longstand¬ 
ing  rtsoordi  and  txporianca. 


BATING  DNTN 


I  totlnf 

woWog* 


mi '  . 

12  wotH 
9  wotH 

boMd  on  voHogo 

tym  » 

m  W«tt»0« 

22  ^oW* 
tS  worn 

boMd  on  yoltogo 

mp.ro-  Mit^num  c, 

^  ConitnKtlon*  — 

wotor  imwor**®" 

b.tw*«n  accolorotion 


Op  to  moso^* 
2.0  to  W  mogoiwN* 

jfcnr.  to  mogohws 


t.M.S.  VoHoO* 

bosod  on  wotl 
15  Kv.  max. 

20  kv.  max. 

tolor*"***- 

occptoble  tolTonc.  ±t0%. 


Ip  to  3.9  magohm* 

1,0  to  20  magohm* 
kbov*  20  magoKm* 

tAaxWnwm  r.commandr 
^ra  for  contlnuou, 

(AiKb'mnt  p>w»  r***'- 
Maximum  r.command 

tvr*  lor  fu«  wottoga 


TYN  1 

5-9/32"  X  1-1/16' 
3600  ohiM  to 
100  Mooehiiit 


TYN  2 

9-25/32"  X  1-1/16' 
6S00  oImiis  to 
100  RMgohins 


SPRAGUE  MEG-O-MAX 

HieH-RESISTANCE,  HIGH-VOLTAGE  RESISTORS 


Less  than  3  months  from  the  presenution  to  Sprague 
Koolohm  Resistor  engineers  of  the  problem  of  aesi^n- 
ing  high-resistance  value  units  capable  of  dissipating 
power  at  voltages  up  to  20  lev.  and  at  high  ambient 
temperatures,  the  first  Sprague  Meg- O- Max  Resistors 
were  on  the  job!  Moreover,  they  used  practically  no 
critical  materials,  were  of  smaller  physical  size,  and 
presented  a  degree  of  resistance  stability  and  mechani- 
ruggedness  not  available  in  other  units,exclusive  of 
costly  wire -wound  meter  multiplier  types! 

Entirely  unioue  in  construction,  Meg-O-Max  Resist¬ 
ors  are  formea  of  a  series  of  molded  segments.  These 
are  joined  non-inductively,  and  the  assembly  is  then 
encased  in  a  hermetically-sealed,  rugged  glass  envelope 
provided  with  ferrule  terminals  to  withstand  aircraft 


vibration  tests,  salt  water  immersion  tests,  and  tests 
for  mechanical  shock  produced  by  rapid  acceleration. 

In  addition  to  use  as  a  high-voltage  bleeder  and  as  a 
broad  accuracy  meter  multiplier  for  a  voltage  indica¬ 
tor,  Meg-O-Max  Resistors  find  many  applications  in 
measuring  instruments,  rectifier  systems,  high-voluge 
dividers,  and  as  broad  accuracy  meter  multipliers.  Spec¬ 
ify  Meg-O-Max  for  High- Resistance  — High-Voluge 
requirements. 

Dau  sheets  gladly  sent  upon  request.  Samples  sent 
only  on  firm’s  request,  giving  details  of  application. 

SPRAGUE  SPECIALTIES  COMPANY 

Easister  Divitien  •  Nertli  Adams,  Mass. 


TRADEMARK  REGISTERED 
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Dim  LIGHT  CO.  OF  RIHERICfl,  Inc 

90W;ST  STREET  !•  NEW  YORK  C  ,  N.  Y. 


Develf 

over 


The  complete  program  follows 


FRIDAY,  JANUARY  28 


Registration 

AddroM  oi  Wolcomo — E.  Shoekoliord, 
Chcdnnan.  1944  Wintor  Tochnicol  Moot¬ 
ing,  L.  P.  Whoolor.  Presiding 
Ceremony  oi  "passing  the  Gorel"  irom  re¬ 
tiring  President  Wheeler  to  incoming  Presi¬ 
dent  Turner 

Annual  Meeting  of  the  Institute,  H.  M. 

Turner  presltUng 

Amendment  of  Institute's  Charter 

Dr.  Wheeler  resumes  Chairmanship  lor 

the  Session  of  Technical  Papers. 


THE  DIALCO  ‘‘TRIO-LIGHT" 

PILOT  LIGHT  ASSEMBLY 

AIDS  IN  CONTROLLING  MULTIPLE  CIRCUITS 


This  unit  is  obtainable  in  larger  size 
banks,  in  multiples  of  3  pilot  lights. 
Features  incluoe:  Color-coded  flat 
lenses  with  etched  numbers,  letters, 
or  words.  (Half-round  lenses,  in 
clear  or  sand-blasted  finishes,  may 
also  be  used.j  Bulbs  are  removable 
from  front  of  panel.  Silver  plated 
terminals  are  firmly  secured  for 
perfect  contact.  Many  other 
Dialco  features. 

Keyed  to  the  war  effort,  DIALCO  will 
deliver  your  order  ahead  of  schedule/ 

Writ*  for  ■  m 


12:30  PJ4. 

President's  Luncheon — Professor  Turner 


2:30  tM. 

Sympo^um  —  Horaden  Pratt  presiding, 
"Work  of  the  Radio  Technical  Planniaq 
Board",  W.  B.  G.  Baker,  Chairman  oi 
Radio  Technical  Planning  Board;  SoToral 
Panel  Chairmen. 


4:30  PJd. 

Mr.  Pratt  resumes  Chairmanship  for  the 
Session  of  Technical  Papers 


Catalog. 


7:00  P.M. 

L  R.  E.  Banquet  (Informal).  Lewis.  Moster 
of  Ceremonies. 

Awards,  presented  by  ProL  Turner 
1943  Medal  of  Honor — to  Horaden  Pratt 
1943  Morris  Liebmann  Memorlol  Prise— 
to  W.  L.  Barrow 

1943  Fellowship  Awards — to  S.  L.  Boiler, 
C.  R.  Burrows,  M.  G.  Crosby.  C.  B.  Fel^ 
man,  Keith  Henney.  D.  O.  North.  K.  A. 
Norton,  S.  W.  Seeley.  D.  B.  Sinclodr,  Leo 
Young,  Harry  Diamond 
Annual  Address  of  retiring  president  L  P. 
Wheeler 

Prominent  Speaker  on  Rmely  subject  (to 
be  announced) 


SATURDAY,  JANUARY  29 


10:00  AJd. 

Symposium — H.  M.  Turner  Presiding 

"Engineering  Work  of  the  Federal  Cosi- 
municotions  Commission"  by  E.  I.  lett 
chief  engineer,  FCC 

Timely  Broadcast  Matters"  by  G.  P.  Adoir, 
Assistant  chief  engineer.  FCC 
Police.  Aviation  and  Maritime  Services'' 
by  W.  N.  Krebs,  Chief  of  the  Safety  osd 
Special  Services  Division,  FCC 
"Internotionol  Point-to-Point  and  Alloca¬ 
tion  Problems"  by  P.  F.  Siling.  chief  of 
the  International  Division.  FCC  Engiaee^ 
ing  Department 


PUTTING  A  NEW  ON  PRODUCTION  PROBLEMS 


The  ROL-TOP  "hex"  nut  is  a  new  application  of  the 
Boots  principle  of  self-locking  nuts  which  assiue  vihra- 
tion-proof  connections. 

B^ause  of  the  recognized  efficiency  of  the  ROL-TOP, 
design  engineers  are  specifying  it  for  application  wher¬ 
ever  self-locking  devices  are  desirable. 

Specially  planned  and  built  for  heavy  duty,  the 
ROL-TOP  Nut  resists  heat,  air,  gasoline  and  other  de¬ 
structive  elements  which  make  ordinary  non-metalhc 
devices  inapplicable. 

BOOTS  AlttCRAFT  NUT  CORPORATION  *  GENERAL  OFFICES,  NEW  CANAAN.  CONNECTICUT 


Boots  one-pioco,  all-motal, 
solf-locking  nuts  pass  all 
govemmant  requiromonts. 
SEND  FOR 
CATALOGUE 


Students'  Luncheon 


2:30 

Technical  Session  —  Lloyd  Espenschied 
Presiding 

It  is  also  expected  to  hove  promlneal 
American,  British.  Russian  and  Chinese 
authorities  outline  radio  engineering  is 
their  respective  countries 
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Voltage  Regulated  Power 
Supply  Units 


ROTOBRIDGE 


'  SERVES  THE 
ELECTRONIC  INDUSTRY 


CML  PRODUCTION  PLUGS 


MODEL  1420  GENERATOR 

Developed  to  furnish  test  power 
over  a  wide  frequency  range 


Each  CML  development  shown  on  this  page  Is 
keyed  to  the  most  rigorous  wartime  specifica¬ 
tions  tor  accuracy.  All  are  contributing  Im¬ 
portantly  to  precision  and  efficiency  In  scores 
of  laboratory  and  Industrial  applications.  From 
the  Production  Plug  to  the  new  Model  1420 
Generator,  CML  offers  equipment  of  accredited 
performance. 


JlUoco- 
htoi  ei 

igioeW’ 
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M-D-HUBBARD  SPRING  CO 


PONTIAC  MICH 


WPB  Relaxes  Restrictions 

The  priority  rating  of  persons  en¬ 
gaged  in  the  radio  broadcasting  busi¬ 
ness  for  obtaining  radio  maintenance, 
repair  and  operating  supplies  was 
raised  from  AA-2  to  AA-1  and  per¬ 
mission  to  use  the  “MRO”  symbol 
has  been  continued  by  the  War  Pro¬ 
duction  Board  through  issuance  of 
amended  Order  P-133. 

Commercial  sound  recording, 
which  had  a  rating  of  AA-5  under 
the  previous  order,  was  assigned 
an  AA-2  preference  rating.  Broad¬ 
casting  tube  inventory  restrictions 
are  clarified  in  the  amended  order 
by  requiring  return  to  the  manu¬ 
facturer  of  all  used  power  tubes  of 
260  watts  or  more. 

Special  provision  has  been  made 
for  radio  and  other  electrical  repair¬ 
men  to  purchase  $150  worth  of  cop¬ 
per  wire  or  one-eighth  the  amount 
used  in  1941,  whichever  is  greater. 
Industrial  maintenance  and  repair 
men  may  buy  up  to  one  ton  of  copper 
wire  and  one  ton  of  copper  and  brass 
products  and  may  be  authorized  to 
use  an  AA-2  preference  rating. 


COMPOUND 
Dry  Vatuum 

PUMPS 


Compression,  exten¬ 
sion,  torsion  and  flat 
types,  with  various 
kinds  of  ends  and 
loops— made  in  steel, 
brass,  bronze  and  other 
alloys— formed,  heat 
treated  and  tested  for 
specific  functions  and 
applications. 


CONSISTENTLY 

RELIABLE 

OPERATION 


Industrial  Incentive 
Films  Available 

Nine  16-mm  sound  films,  showing 
action  shots  from  many  scenes  of  our 
global  war,  are  now  available  through 
a  national  distribution  system  to 
war  plants  who  wish  to  show  their 
employees  what  the  material  their 
own  hands  have  turned  out  is  doing 
to  the  enemy.  Most  of  these  films 
are  “restricted”  and  cannot  be 
viewed  in  commercial  theaters. 

Included  in  the  subjects  are  action 
pictures  of  the  Navy’s  newest  and 
deadliest  anti-submarine  weapon — 
the  Destroyer  Escort,  landing  of  the 
Marines  on  Guadalcanal,  “The  Life 
and  Death  of  the  Hornet”;  and  sev¬ 
eral  reels  of  captured  German  films. 

The  films  are  described  and  pro¬ 
cedure  for  obtaining  them  outlined 
in  a  folder  obtainable  from  the 
Chief  of  the  Industrial  Incentive 
Division,  Navy  Department,  2118 
Massachusetts  Avenue,  Washington, 
D.  C.  A  nominal  fee  of  $1  for  three 
reels  or  less  in  any  one  shipment  is 
charged  to  cover  costs.  Plants  not 
having  projection  facilities  may  con¬ 
tract  with  a  local  film  distributor  for 
an  experienced  operator  and  16  mm 
projector. 


Kinney  Vacuum  Pumps  are  in¬ 
dispensable  in  every  lamp  and 
tube  works;  their  use  insures 
high  production  with  low  per¬ 
centage  of  rejections.  Twenty- 
six  of  the  largest  producers  of 
electronic  tubes  in  the  United 
States  and  Canada  have  pur¬ 
chased,  in  the  last  two  years, 
over  500  of  these  Kinney  Com¬ 
pound  Dry  Vacuum  Pumps. 

Write  for  Bulletin  18 
We  also  manufacture  liquid 
pumps  —  plain  pattern  and 
steam  jacketed,  strainers, 
dutches  and  cut-off  couplings. 


Eastern  manufacturer  of 
control  equipment,  trans¬ 
formers,  solenoids,  etc., 
desires  ideas  for  postwar 
items  .  .  .  ideas  which 
will  help  maintain  our 
present  3,000  employees 
in  postwar  production. 

If  your  idea  is  not  fully 
developed,  we  will  be 
glad  to  have  our  engi¬ 
neering  division  com¬ 
plete  the  prodnclion  de¬ 
tails. 

If  you  are  interested  in 
developing  your  idea  in 
our  laboratories,  we  will 
make  arrangements  ac¬ 
cordingly. 

Write  iO-589.  Elmetreelcs 

330  W.  42ed  St.. 

New  York  18.  N.  Y. 


MANUFACTURING 

COMPANY 

3S6S  WosklaqtM  St. 
Boston  30.  Moss. 
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RAYTHEON  MANUFACTURING 
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ANDREW  CO 


nil  n  m  E  R I  [ n  n 

Ta□^  &  manufacturing  [a. 

1D14  Fullerton  Rue.,  Chicoqo 


London  News  Letter 


By  John  H.  Jupe 

London  Correspondent 


Nazi  Light-Beam  Telephone.  As  far 
back  as  1985  we  knew  that  the  Ger¬ 
mans  were  working  on  a  light-beam 
field  telephone  set  for  use  in  the 
field.  From  papers  captured  in 
Libya,  after  the  war  started,  we 
learned  that  it  had  become  part  of 
their  regular  equipment,  but  it  was 
not  until  the  Battle  of  Alamein  that 
the  Allies  captured  any  of  the  ac¬ 
tual  equipment.  Examination  has 
now  been  carried  out  and  has  re¬ 
cently  been  described  in  Electronic 
Engineering  by  Captain  D.  Gifford 
Hull  of  the  British  Army. 

The  intensity  of  the  light  beam  is 
modulated  by  microphone  currents 
passed  through  a  single-stage  am¬ 
plifier.  The  apparatus  depends  for 
its  success  mainly  on  a  pair  of  Carl 
Zeiss  prisms  so  arranged  that  the 
speech  currents  vary  the  contact 
pressure  between  them,  causing  a 
change  of  reflection  and  refraction. 
An  ordinary  metal-filament  lamp  is 
used  as  the  light  source  and  white, 
red  and  infrared  filters  are  used, 
producing  a  beam  6  yards  wide  at  a 
mile  from  the  transmitter  and  30 
yards  wide  at  the  maximum  range 
of  5  miles. 

For  reception,  five  high-gain  pen¬ 
todes  are  used  in  conjunction  with  a 
thalofide-type  photocell.  To  reduce 
the  effect  of  heat  ripple  in  the  desert 
both  transmitting  and  receiving  am¬ 
plifiers  are  designed  to  have  a  cut¬ 
off  below  800  cps.  Morse  keying 
can  be  used,  and  the  apparatus  can 
be  linked  to  telephone  lines  if  nec¬ 
essary.  The  total  weight  of  the 
equipment  is  54  lb. 

Whether  the  British  Army  has 
anything  comparable  I  cannot  find 
out  but  in  1938  the  Marconi  Com¬ 
pany  in  England  demonstrated  an 
experimental  light-beam  telephone 
using  a  gas  discharge  tube  and  mod¬ 
ulating  the  beam  at  its  source.  The 
tube  was  dumbbell-shaped  and  con¬ 
tained  both  neon  and  sodium.  Oper¬ 
ation  with  the  former  was  obtained 
by  applying  potential  and  with  the 
latter  by  passing  current  through  a 
few  turns  of  nichrome  wire  coiled 
outside  the  envelope  and  so  vapour¬ 
izing  the  sodium.  Two  valves  were 
used  in  the  transmitter,  together 
with  an  audio-frequency  oscillator 
for  keying  tone.  Reception  was  by 
means  of  a  caesium  cell  coupled  to 


For  ALL  COAXIAL  CABLES 


The  new  Andrew  glass  insulated  terminal  is 
an  outstanding  development  that  provides  you 
v/ith  a  100%  air-tight,  gas-tight  system  for  gas 
filled  coaxial  cables.  Permanent,  leak-proof 
operation  of  Andrew  terminals  u”  insured  be¬ 
cause  of  a  imique  design  using  a  glass-to-metal 
seal.  A  special  design  that  minimizes  shunt 
capacity  makes  them  ideally  suited  to  high 
frequency  operation.  Dielectric  losses  are  re¬ 
duced  over  the  standard  ceramic  type  insulated 
terminals  because  of  reduced  volume  of  glass 
in  regions  where  the  electric  field  is  greatest. 


The  Andrew  Company  is  a  pioneer 
in  the  manufacture  of  coaxial  cables 
and  other  antenna  equipment.  The 
entire  facilities  of  the  Enyineering 
Department  are  at  the  service  of 
users  of  radio  transmission  equip¬ 
ment.  Catalog  free  upon  request. 


363  EAST  75TH  STREET 


CHICAGO  19,  ILLINOIS 


ALL  American  Vibration  Fatigue  Test 
^  '  Machines  are  as  essential  toda^ 
as  micrometers  and  Brinell  hardness 
testers  —  tomorrow  they'll  be  more  so! 
"Shakedown"  tests  can  easily  be  made 
that  positively  determine  the  resistance  to 
vibration  of  your  part  or  product;  ftun- 
dreds  in  use  in  laboratories  and  inspec¬ 
tion  departments.  Models  for  handling 
parts  up  to  10  lbs.,  25  lbs.,  100  lbs.  Send 
for  Catalog  "F". 


"Hat  given  ut  tavaral  years  of  satis¬ 
factory  tarvlce  In  our  test  lab."  C.  P. 
Clara  R  Co.,  Chicago. 


Model  25A 

Subfacts  parts  up  to  25 
lbs.  to  vibration  fa¬ 
tigue  fatfs;  horizontal 
motion.  Hat  automatic 
frequency  change. 
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C^pnxliKH  iiKlu«l«  THE  PLASTICS... DUECTO -hi  lamiiMlMl  phMralU:  CEIOKON 
maMad  plianalic:  DILECTENE— a  pwra  ratin  plattic  atpacially  «uHad  la  U-H-P 
liMulaNaa  ...  THE  NON-METAIUCS,  DIAMOND  Valcanisad  Fikra:  VUICOID  — 
ratin  Impragaalad  vwicaaizad  libra:  aad  MICABOND— baill-up  mica  intulaHoa. 
PaMar  OP  da*«riba»  all  that#  pradwcH  aad  givaa  itandard  aizat  and  ipacHkaNana. 

DISTRICT  OFFICES:  Naw  York  -  Qavaland  >  Chicago  •  Spartanburg,  S.C. 
WestCoattR*p.,Morwood,Ltd.,San  Fronciaco  •  Sales  Offices  in  principal  dties 


C*D  makes  hundreds  of  electrical  and  mechanical  parts 
which  are  vital  to  the  successful  operation  of  radios,  guns, 
controls,  communication  systems,  and  all  electrically  ener* 
gized  units  in  our  fighting  equipment  afkxit,  ashore  and 
aloft. 

Many  of  these  applications  posed  new  problems  and 
conditions  for  NON*metallics.  The  research  and  experience 
which  resulted  has  provided  our  laboratory  with  a  wealth 
of  “know  how”  which  is  at  your  disposal  to  help  solve  your 
"What  Material?"  problems: 


A  CONTINENTAL  DIAMOND  product 
is  in  there  slugging! 


Established  1895  .  .  Manufacturers  of  Laminated  Plastics  since  1911  —  .N  F  NV  A  H  h  •  FIF  I  AW.AUF 
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Universal  Microphones,  as 
well  as  Universal  Plugs, 
Jacks,  Cords,  and  Switches, 
are  vital  voice  communica- 
ti  components  today  in 
^p^War  Effort.  When  peace 
*omes,  they  will  continue  to 
fulfill  their  role  in  a  postwar 
world  surmounting  the  bar¬ 
riers  of  diitance  with  Radio 
and  Aircraft. 


INGLCWOOD  C»UfOIINI» 

CANADIAN  DIV:  560  KING  5T.  WEST,  TORONTO  2 
FOREIGN  DIV;  301  CUT,  SAN  FRANCISCO  11,  CAl. 


four  amplifier  stages. 


The  overall  < 
range  on  telephony  was  2-3  miles, 
at  night,  but  this  could  be  increased 
by  changing  to  telegraphy.  Day¬ 
light  reduced  the  range  to  about  75 
percent  of  the  above. 

Radio  Altimeter.  British  Patent  No. 
552260  describes  an  interesting  prin¬ 
ciple  in  this  field,  based  on  meas¬ 
uring  the  distance  of  a  reflecting 
body  by  noting  the  time  taken  for  a 
reflected  radio  wave  to  return  to  its 
point  of  origin.  One  way  of  meas¬ 
uring  the  time  is  to  vary  the  fre¬ 
quency  of  the  outgoing  wave  in  a 
cyclic  manner  and  to  measure  the 
heterodyne  frequency  set  up  by  the 
outgoing  and  incoming  waves,  with 
I  the  aerial  tuned  to  the  mean  fre- 
I  quency  of  the  repeated  cycle.  This 
obviously  produces  a  drop  in  effi- 
j  ciency  at  the  limits  of  the  frequency 
travel. 

In  the  patent  mentioned  the 
aerial  tuning  is  ganged  with  the  cir¬ 
cuits  of  the  carrier  oscillator  so 
that  the  varying  transmitted  wave 
is  always  radiated  at  high  efficiency. 
As  the  difference  between  the  two 
end  frequencies  is  small,  reckoned 
as  a  percentage  of  the  carrier,  the 
amount  of  detuning  experienced  by 
the  returning  wave  is  negligible. 
Electronic  Stimulator  for  Physio- 
I  logical  Research.  Apparatus  for  this 
purpose  should  fulfill  .several  re¬ 
quirements  and  in  Eleetrome  Engi¬ 
neering  for  October,  Thorp  and  Rob¬ 
inson  describe  an  instrument  which 

igoes  a  long  way  toward  the  ideal 
characteristics. 

^  A  relaxation  oscillator  charges  a 
capacitor  linearly  by  means  of  a 
high-impedance  pentode,  where  the 
'  anode  current  is  almost  independ- 
i  ent  of  the  anode  voltage. 


^  THE 
INSTANT  COURIER 


(Transmits  pictured  messages 
by  radio  or  wire) 


For  the  ptresent.  Finch  manu¬ 
facturing  facilities  are  being 
devoted  to  special  radio  ap¬ 
paratus  for  .  .  . 

U.  S.  SIGNAL  CORPS 
U.S.NAVY 

U.  S.  ORDNANCE  D9T. 

P.CC 
F.  B.  L 

U.  S.  TREASURY  DEPT, 
and  WAR  MANUFACTURRS 


FINCH 

TELECOMMUNICATIONS,  Inc. 
PASSAIC,  N.  J. 


DonbU  Pkotu  Pint 
(No.  24)  femtnrtt 
ribbed  borr^  for  preot- 
tr  eat*  in  handling. 
Just  one  of  the  new 
improved  items  in  the 
Urge  ICA  line  of:-r- 
•  MstsI  Cablnsts,  Chat* 
sit,  Passlt*  Matal  8taaia> 
last  •  Plats  aaS  Jaskt 
a  CaaisIsMy  AttaaibM 
Straw  Mathias  praSattt 
mf[Ewart  aaS  asstatiaH. 


Discharge 
is  triggered  with  a  gas-filled  triode 
and  the  resultant  waveform  has  a 
very  steep  front  with  almost  linear 
decay.  Other  characteristics  are: 

(1)  the  pulse  space  ratio  is  high; 

(2)  approximate  load  matching  is 
possible;  (3)  frequency  is  variable 
[between  cps  to  3250  cps  and  ex- 
' tensions  either  way  are  possible; 
4  single  pulses  can  be  obtained,  (5) 
hunting  is  completely  absent  and 
the  waveshape  can  be  observed  on  a 
small  cathode-ray  tube. 

If  the  Nazis  Only  Read  ELEC- 
TRONIC^S. 


The  electron  micro¬ 
scope  is  a  German  invention  which, 
it  is  hoped,  will  never  become  avail¬ 
able  to  the  enemy.”  Devtsch  Berg- 
werkszeitung 
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Increased  Energy  Has  Made  Possible 
Many  New  Uses  for  Permanent  Magnets! 


Today's  permanent  magnets  of  Alnico 
V  have  a  stored  energy  ten  times 
that  of  1910' s  tungsten-chrome  magnets! 

This  energy  increase,  the  economies 
in  bulk  and  weight  resulting  from  it, 
plus  significent  advances  in  design  and 
fabrication,  have  made  it  possible  to 
use  permanent  magnets  in  countless 
new  products. 

Specializing  in  this  one  industry  for 
33  years,  our  organization  has  assumed 
a  leading  role  in  permanent  magnet 


developments.  We've  constantly  origi¬ 
nated  new  shapes,  new  applications, 
and  new  techniques  in  metallurgiced 
control  and  precision  manufacture.  This 
experience  should  prove  invaluable  to 
you  in  the  solving  of  your  engineering 
problems. 

Our  engineers  will  be  pleased  to 
consult  with  you.  Write  us,  on  your  let¬ 
terhead,  for  the  address  of  our  office 
nearest  you — and  a  copy  of  our  30-page 
"Permanent  Magnet  Manual". 


Back  the  Attack  with  War  Bonds! 

- -me - 


Copyrisht  1944^  The  Indiana  Steel  Produriw  Co. 


1IVD1A1¥A  STEEli  PRODUCTS 

1  CnHpttHY 

^  SPECIALISTS  IN^PERMANENT  MAGNETS  SINCE  1910  ★ 

6  NORTH  MiCHiOAN  AVENUE  •  CHICAGO  2,  ILLINOIS 


S. 


)NICS 
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THE  ASTATIC  CORPORATION 

YOUNGSTOWN.  OHIO 


Radio  Business  News 

Radios,  toasters,  and  vacuum  clear  ers 
head  the  list  of  appliances  turned  in 
to  Commonwealth  Edison  in  a  swap 
drive  in  Chicago. 


Commercial  Engineering  Labs,  of 
Detroit,  Mich,  has  become  Commer¬ 
cial  Research  Labs.,  Inc. 


Sylvania  Electric  Products,  Inc.  is 
converting  a  former  furniture  fac¬ 
tory  at  Williamsport,  Pa.  to  produc¬ 
tion  of  electronic  equipment.  This 
makes  the  18th  plant  for  the  com¬ 
pany. 


Ferranti  Electric,  Inc.  has  opened 
a  new  factory  in  Brookl3m,  N.  Y. 
Offices  continue  to  be  located  in  new, 
larger  quarters  in  the  RCA  Building, 
New  York  City. 


PRODUCING  Because  of  the  extreme  care  and  precision  exercised 

manufacture  and  the  high  standard  of  their 
AND  PLANNING  operating  efficiency.  Astatic  Co-axial  Cable  Connec¬ 
tors  are  being  exclusively  used  and  higUy  praised 
by  many  leading  manufacturers  of  wartime  radio  communications  equip¬ 
ment.  Equal  honors  are  being  shared  by  Astatic’s  GDN  Series  Dynamic 
Micro]phones  with  grip-to-talk  control,  now  being  manufactured  and  used 
extensively  in  many  branches  of  the  service.  Astatic  continues  to  build 
for  the  present  and  plan  for  the  future. 


Mec-Rad  Division  of  Black  Indus¬ 
tries,  1400  East  222nd  St.,  Cleveland, 
Ohio,  has  been  formed  to  manufac¬ 
ture  the  mechanical  components  for 
electronic  devices.  Major  products 
will  be  transmission  lines  and  radia¬ 
tion  components.  The  parent  com¬ 
pany  operates  Black  Boring  &  Ma¬ 
chine  Co. 


Detrola  Corp.  has  merged  with 
International  Machine  Tool  Corp.  to 
form  International  Detrola  Corp. 


Astatic  Corp.  of  Youngstown,  Ohio, 
has  arranged  to  purchase  a  three- 
story  building  in  Conneaut,  Ohio. 


Western  Electric  Co.  discloses  that 
50  percent  of  its  total  sales  of  war 
materials  to  the  government  since 
the  U.  S.  entry  into  the  war  has  been 
produced  by  subcontractors.  This 
exceeds  by  10  percent  the  rate  which 
the  WPB  requested  prime  contractors 
to  establish  in  an  effort  to  step  up 
the  output  of  munitions  and  provide 
business  for  smaller  manufacturers 
whose  prewar  production  has  been 
shut  off  through  the  diversion  of 
strategic  materials  into  war  produc¬ 
tion.  The  company  currently  does 
business  with  more  than  6.600  sub¬ 
contractors  and  suppliers. 


FIFTY-ONE  YEARS  of  the  most 
effective  buying  service  in  Industrial 
America.  Each  edition  has  FIVE 
YEARS  of  creative  selling  power. 
For  space  rates  write  Department  G. 


A  DIRECTORY  OF  AMERICAN  INDUSTRY 

18  E.  HURON  STREET  •  CHICAGO 

OFFICES  IN  PRINCIPAL  CITIES 


General  Radio  Co.  has  opened  a 
new  office  at  920  S.  Michigan  Ave. 
WBCA,  Schenectady,  first  FM  sta¬ 
tion  to  become  a  full-fledged  affiMate 
of  a  network,  will  carry  Mutual  pro¬ 
grams. 
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STRUTHERSDlfJN 


5,288 

TYPES  OF 

RELAYS 

Each  available  in 
countless  coil  combinations 


321  ARC  H  STREET,  FHii  ARELPR14  7,  FA 


Dr;T»/(j:r  tN&iNi  ( '■  ■  ^ 

DAUaS  .*DENVeR  .  D^ 

NEW  VORK  .  PIT  tsB  _  H  . 


'•  \0»E  .  BOSTON  .  EUFfAtO  -  CHICAG”  :NC.irfr<tAT!  .  CIEVELAN^ 
.  nGIANAPOL.IS  .  lOS  ANGElES  •  Ml'NNfAPOUS  .  MONJREA^l 

^R'NCK^'^  .  Seattle  .  Syracuse  .Toronto  .  wa  shitjOTON 


★  ★  ★  ★  ★  ★ 


★  ★  ★  ★  ★ 


TWO  symbols  of 
excellence  -  each  rec- 
ognized  as  a  mark  of 
achievement  in  attain¬ 
ing  and  maintaining 
highest  standards  of 
★  performance.  ★ 


BELL  SOUND  SYSTEMS- 
the  name  of  quality  in  Perma¬ 
nent  and  Portable  Amplifying 
Equipment . . .  Industrial  Voice- 
Paging  and  Broadcasting  Sys¬ 
tems  . . .  Recording  and  Disc- 
Playing  Units .  .  .  Electronic 
★  ★  Deu/ces.  ★  ^ 


BELL 


SOUND  SYSTEMS 


1189  ESSEX  AVE.,  COLUMBUS 

Export  Office:  4900  Euclid  Ave.,  Cleveland  3,  Ohio 


I  Radio  &  Tech.  Pub.  Co.  has  been  sold  |  ★ 
‘  to  Farrar  &  Rinehart  by  Alfred  A.  ) 
i  Ghirardi.  ( 

;  125,000  copies  of  “Radiotron  De-  | 
signer’s  Handbook,”  published  by  j 
Amalgamated  Wireless  Valve  Co., 
Ltd.,  have  been  sold  in  Australia,  I 
the  United  Kingdom  and  the  U.  S.  A.  { 


We  are  prepared  to 
supply  etched  metal 


Personnel 


DIALS  •  PANELS 
PLATES 


Major  William  Minnis  Perkins, 
former  assistant  manager  of  the 
RCA  equipment  tube  section  at 
Camden,  died  of  acute  luekemia  in 
Walter  Reed  Hospital,  Washington, 
D.  C.  He  held  a  reserve  commission, 
was  called  into  active  service  in 
April,  1942,  and  was  assigned  to 
duty  in  Washington  in  the  Office 
of  the  Chief  Signal  Officer  of  the 
War  Department.  At  the  time  of 
I  his  death  he  was  Chief  of  the 
Equipment  Branch  of  the  Require¬ 
ments  Division. 


made  to  your  precise 
engineering  specifi¬ 
cations  in  all  metals 
and  finishes. 


THIRTY  YEARS  OF  SERVICE 
TO  AMERICAN  INDUSTRY 


William  A.  Lewis,  director  of  i 
Cornell  University’s  school  of  elec¬ 
trical  engineering,  has  been  named 
consulting  electrical  engineer  to  the 
Armour  Research  Foundation  at 
Illinois  Tech  and  also  a  research 
professor  in  the  electrical  engineer¬ 
ing  department. 


PREMIER  METAL  ETCHING  CO. 


21-03  44TH  AVENUE 
LONG  ISLAND  CITY.  NEW  YORK 


Ralph  A.  Hackbush,  vice-presi¬ 
dent-elect  of  IRE  and  vice-president 
in  charge  of  radio  at  Research  En- 


WIDE  RANGE 
VACIJVM  TCBE 
VOLTMETERS 


■  input  impedance  for  both  AC  and 

DC  meaautements. 


Ralph  A.  Hackbush 


•  Convenient,  low  capacity  "Probe,”  a- 
peciatly  adapted  to  bi(^  frequency  radio 
use — 100  megacycles  and  over. 

•  Self-regulating  operation  from  power 
line;  no  batteries. 

•  Multiple  voltage  ranges  —  accurate  and 
stable. 


BVLLETIS  OS  REQUEST 

terprises  Ltd.  of  Canada,  has  re-  ALFRED  M.  BARBER 
joined  Stromberg-Carlson  of  Can-  LABORATORIES 

ada  as  vice-president  and  managing  ^  „„„„  h.Y. 


director. 
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B-3120 
’  Point  Control 


Typo  C-2851  Soriet 
U»ed  as  Roughing  Controls 
on  Outer  Crys^  Ovens  and 
High^Lote  limit  Controls 


Type  C-43S1  Series 
Used  for  Tube  Warmim 
Tube  Coolinjg,  and  Higl 
hose  limit  Controls 


Crystal 


Type  ER  Series 
Ambient  Compertsated 
Time  Delay  Relays 


Tjm  C-6363 
Switch  Circuit  Breaker 


Type  RT 

Adjuetable  Crystal  Temp. 
Oven' Control 


When  it  conies  to  controls  for  motor  and  transformer  overheat  protection,  electrical  circuit 
overload  protection,  or  temperature  controls  for  radio  equipment,  you  want  them  to  oper¬ 
ate  surely  and  accurately — every  time. 

Klixon  Controls  meet  all  operating  requirements.  Actuated  by  the  foolproof  snap-acting 
Spencer  Disc,  they  always  make  a  quick  clean  break  or  positive  make.  Because  they  have  no 
fussy,  complicated  parts,  Klixon  controls  are  unaffected  by  shock,  vibration,  motion  or  high 
altitude  regardless  of  the  mounting  position.  They  are  space  and  weight  savers,  too. 

Klixon  Controls  are  available  in  many  standard  types  to  meet  your  control  requirements. 
See  what  they  can  do  for  you.  Our  engineering  depart¬ 
ment  will  help  you  solve  your  problems.  Write: 


SPENCER  THERMOSTAT  COMPANY,  ATTLEBORO,  MASS. 
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Crystal 

Finishing 

(Continued  from  page  125) 


turned  over  by  baffles  placed  withi: 
the  tubes.  This  machine  simulfa 
neously  puts  a  uniform  bevel  on  a 
many  as  500  crystals.  The  bevels  ar 
superior  to  those  made  by  hand  fin 
ishing. 

One  particular  advantage  of  th 
two  machines  described  is  the  fac 
that  coarse  abrasive  can  be  used  i 
place  of  the  optical  powder  used  j 
hand  finishing.  The  supply  of  thes 
optical  powders  has  become  quit 
critical  in  recent  months.  Consider 
able  supervision  is,  however,  still  re 
quired  and,  of  course,  there  is  stil 
the  problem  of  frequency-checks. 

Etebiiiq  Preecdar* 

The  acid-dip  process  of  finishin 
quartz  crystals  has  been  used  by  s€\ 
eral  manufacturers  for  a  number  o 
years.  When  this  process  is  used 
semi-finished  crystals  are  given  t 
the  finisher,  who  removes  the  fin 
15  kc  or  so  by  dipping  the  crysU 
into  an  acid  bath  for  a  certain  perio 
of  time.  Instead  of  removing  nusn 
from  the  surface  by  grinding,  th 
finisher  removes  quartz  by  the  dii 
solving  action  of  hydrofluoric  acid. 

This  process  is  both  exacting  an 
precise,  but  due  to  the  extreme  dan 
ger  of  hydrofluoric  acid  and  the  ex 
tensive  equipment  necessary,  has  no 
been  generally  adopted.  Recently 
however,  it  has  been  found  that  cer 
tain  harmless  fluorines  can  be  use 
in  place  of  hydrofluoric  acid.  Thi 
has  led  to  much  experimentatio 
with  the  etching  of  crystals  to  fre^ 
quency. 

The  latest  development  is  mas 
etching.  By  the  previous  etchin 
procedure,  crystals  were  etched  on 
at  a  time.  By  the  new  procedure, 
crystals  are  first  classified  and  etcheJ; 
in  a  regular  department,  in  group 
of  50  to  100,  and  are  then  given  t 
individual  finishers.  The  finisher’ 
job  is  then  largely  one  of  mountin 
the  crystal.  A  mass-etching  setup  i 
shown  in  FMg.  6. 

Etching  is  a  satisfactory  meth(K? 
of  finishing  but  crystals  must  b 
quite  free  from  scratches  or  defect 
or  oil,  as  they  will  otherwise  etch  un¬ 
evenly.  It  has  been  found  that  etched 
crystals  are  much  cleaner  than  thos? 


viup  BUD  RADIO/  INC* 

CLEVELAND,  OHIO 
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Revisions  and  improve¬ 
ments  in  the  entire  line  of 
BUD  cabinets  hove  made 
this  series  of  housings  the 
finest  available  for  both 
good  looks  and  usefiilness. 
Now  the  armed  services  still 
hove  first  call  on  this  attrac¬ 
tive  and  useful  BUD  product 
as  they  do  on  other  BUD 
precision-made  ports.  But 
after  the  war  has  been  won, 
BUD  cabinets  and  other 
parts  will  be  back  again. 
And  they'll  be  better  than 
ever.  That  is  our  promise. 


FUSED  QUARTZ  Apparatus 

of  the  finest  quality  in  any  required  shape, 

ELECTRONIC  TUBE  insulators  of  fused 

quartz  are  not  affected  by  thermal  shock. 
High  surface  resistance,  non ~ hygroscopic. 


QUARTZ 

HYDROGEN 


ULTRAVIOLET  LAMPS  for  fluorescence 

tests  photo  chemistry  laboratory  usage, 

HANOVIA  CHEN.  &  MFC.  CO. 


DEPT.  E.6 


NEWARK,  N.  J, 


I  Hondsonte 

0  Usetot 


dobie 


0 Dep®” 


KAAR  PTL-10X  TRANSMITTER 

10  WATTS  •  1600-2900  KC* 

The  PTL-lOX  is  a  highly  efficient  medium- 
frequency  mobile  transmitter.  It.prpvides 
communication  from  a  moving  vehicle  over 
distances  ranging  from  50  to  75  miles  when 
used  with  AUTO -LOAD  self-loading  antenna. 
The  "Push -to -Talk”  button  on  the  micro- 

f>hone  completely  controls  the.  transmitter, 
ighting  the  instant  heating  tubes,  starting 
the  power  supply,  automatically  silencing  the 
receiver,  and  switching  the  antenna  to  the 
transmitter.  The  standby  current  is  zero. 

Models  for  special  applications  are  avail¬ 
able,  including  the  PTL-22X  medium  fre¬ 
quency  transmitter  with  2^  watts  output,  and 
the  PTS-22X,‘a  22  watt  transmitter  for  opera¬ 
tion  in  the  30-40  MC  band.  '  - 

|i  KAAR  AUTO-LOAD  ANTENNA 

This  antenna,  with  matching  coil  in  the  base, 
is  designed  for  use  with  the  PTL-lOX  (or  with 
similar  medium  frequency  transmitting  equip¬ 
ment)  and  matches  the  72  ohm  transmission 
line  from  the  transmitter  and  receiver  with¬ 
out  auxiliary  tuning  equipment.  It  provides 
an  efficient  method  of  obtaining  maximum 
signal  strength  at  medium  frequencies  with  a 
short  antenna.  It  can  be  quickly  installed  on 
the  rear  bumper  or  on  the  side  of  any  vehicle. 

*Sptti«l  ranges  t$  7000  KC  araiUUe  »•  special  erJtr 


KAAR  11 X  RECEIVER 

6  TUBES  •  1600^2900  KC* 

The  popular  llX  receiver  is  a  crystal  con¬ 
trolled  superheterodyne  for  mounting  in  an 
automobile  or  other  vehicle.  It  contains  a 
no-signal  squelch  circuit,  and  is  designed  for 
conl^rcial,  civil,  and  military  applications. 

T^is  receiver  offers  remarkable  accessibility. 
The  top  is  removed  by  simply  pushing  aside 
twd  'snap  catches,  or  tm  entire  receiver  can  be 
whisked  out  of  the  vehicle  by  releasing  only 
four  catches. 

KAAR 

ENGINEERING  CO. 

PALO  ALTO,  CALIFORNIA 


Manufact«ir*r«  of  high  grado  mobilo  and  contral 
•taHon  RADIOTELEPHONE  EQUIPMENT  -  POWER 
PACKS  •  CRYSTALS  •  VARIARLE  CONDENSERS 
MICROPHONES  •  AUTO-LOAD  ANTENNAS 

Expert  Agents:  PRAZAR  A  HANSEN.  301  Clay  St. 
Sen  Frencisoe  11,  Celifemie,  U.S.  A. 
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PRECISION  PARTS 


n*  worm  M  twmod. 

Precision-machined  parts  for  what  it  takes 
to  destroy  the  enemy — Ace  is  turning 
them  out  by  the  thousands.  (Ace  has  an 
Axis  to  grind!)  These  hardened-steel 
worm-shafts,  for  example,  are  part  of  vital 
radio  equipment.  The  triple-lead  worm- 
thread  is  ground  right  from  the  solid 
blank,  after  hardening.  This  insures  the 
concentricity  between  the  pitch-diameter 
of  the  worm  and  the  bearing-diameter. 
The  bearing-diameter  itself  is  ground  to  a 
total  tolerance  of  .0003'. 

Since  the  war  began,  Ace  has  been 
supplying  America’s  outstanding  manu¬ 
facturers  with  small  parts  and  assemblies 
calling  for  stamping,  machining,  heat- 
treating,  or  grinding.  Ace  has  provided 
not  only  the  industry’s  most  modem 
equipment,  but  the  skill,  the  background, 
and  the  ingenuity  to  use  those  machines 
in  new  ways  to  improve  results,  shorten 
schedules,  and  get  the  work  out.  Keep 
Ace  up  your  sleeve  for  post-war  plans. 
Occasional  capacity  is  available  for  cur¬ 
rent  work. 


Modem  etpiijiment . . .  modem  management. 


ACE  MANUEACTURIN6  CORPORATION 
forPncmon  Part* 

125S  I.  ERII  AVE.,  PHILADELPHIA  24,  PA. 


ground  on  abrasive  and  age  much 
less. 

Some  manufacturers  are  using  a 
combination  of  machine  finishing  and 
etching  to  advantage,  sometimes 
doubling  production  in  a  short  time. 
Others  stick  to  more  conventional 
methods  and  do  fine  work.  However, 
no  matter  what  method  is  used,  sup¬ 
ervising  a  finishing  department  is  no 
easy  task.  Many  other  little  factors 
not  mentioned  here  influence  produc¬ 
tion.  These  include  dust  in  the  air, 
humidity  and  temperature  of  the 
room.  The  finishing  department  sup¬ 
ervisor  rarely  gets  rid  of  one  head¬ 
ache  before  another  is  on  its  way. 
But  production  must  go  on  and  many 
of  the  difficulties  disappear  rapidly 
as  they  come,  without  anyone  placing 
a  finger  on  the  exact  cause.  Perhaps, 
after  the  war,  more  research  can  be 
done  in  locating  and  eliminating 
these  difficulties. 


BATTLE  NOISES,  reproduced  over 
address  systems,  are  used  for  testing 
ensitive  instruments  in  Army  Signal 
Corps  laboratories 


BRAZILIAN  QUARTZ  MINE 


Nativ*  workers  mining  quorts  lor  crystals 
in  tho  Soto  Lagoos  district  of  Bra^  A 
substantial  tonnage  of  tho  modior  crystols 
is  troiuportod  by  Naval  Transport  pkmos 
returning  to  tho  United  States  from  out¬ 
bound  trips. — Official  U.  S.  Naval  photo¬ 
graph 


•  Our  past  develop¬ 
ments  and  preseirt  v 
day  ex|)erienfe  with  ^5 
FM  .\ntennas  will 
provide  greater  effi- 
eiency  in  design  and 
t)erformance  to  meet 
the  exacting  stand¬ 
ards  of  this  impor¬ 
tant  field. 

We’re  “all  out”  for 
•Victory,  but  our  en¬ 
gineers  are  ready  to 
,  work  with  you  on 
post-war  plans. 

,  JOHN  E.  IIN80  »  MM.  IM. 

CAMOSN,  NCWJCRSCY 


STEATITE 

CERAMIC 


CHARACTERISTICS 

Specific  gravity  of  only  2.5  to  2.i 
W«t«r  absorption  S.  1.5-0.001  par 
cant.  Par  cant  power  factor. 

5.  1.5  to  U  cyclas  was  only  0.01(5. 
Dielectric  constant  at  (0  cyclas 
was  5.M000  KC  5.4. 


Makers  of  electrical  and  radio  apparatus  des¬ 
tined  for  war  service  are  finding  in  LAVIl'E 
the  precise  qualities  called  for  in  their 
specifications  .  .  .  high  compressive  and 
dielectric  strength,  low  moisture  absorption 
and  resistance  to  rot  fumes,  acids,  and  high 
beat.  The  exceedingly  low  loss-factor  of 
LAVITE  plus  its  excellent  workability 
makes  it  ideal  for  all  high  frequency  appli¬ 
cations. 

We  will  gladly  supply  samples  for  testing. 


D.  M.  STEWARD  MFD.  COMPANY 

Mein  Office  &  Works:  CbeStenooge,  Tenn, 
New  Yarfc  Needham,  Mass.  Chlcase  Let  AaselM 
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I  RON  ICS 


NEW  PRODUCTS 


grinding  to  eliminate  internal  straini 
and  provide  accelerated  ageing. 

The  rolls  provide  a  convenient 
means  of  making  twenty  quick,  ac  j 
curate  checks  throughout  the  entire 
range  of  an  instrument  at  one  time. 
In  addition  to  checking,  these  rolls 
are  useful  in  setting  up  jobs  where 
dial  indicators  and  amplifiers  are  to 
be  used.  The  set  is  housed  in  a  trans¬ 
parent  plastic  case  which  provides 
necessary  protection,  gives  a  clear 
view  of  the  contents, 


Month  after  month,  manufacturers  de¬ 
velop  new  materials,  new  components, 
new  measuring  equipment;  issue  new 
technical  bulletins,  new  catalogs.  Each 
month  descriptions  of  these  new  items 
will  be  found  here 


insures 

that  all  rolls  are  in  place  when  the 
set  is  returned  to  the  tool  crib. 

An  illustrated  instruction  booklet 
entitled  “The  Use  and  Maintenance 
of  Micrometers”  may  be  had  by  ad¬ 
dressing  Sav-Way  Industries,  Box 
117,  Harper  Station,  ^Detroit  13, 
Mich.  , 


Electronic  Time-Delay  meet  200-hour  salt-spray 

Switches  requirements.  Mounting  is  per¬ 

missible  in  any  position. 

Type  RA-1335-S  electronic  switches.  The  400N  unit  described  in  the 
capable  of  operating  from  power-sup-  paragraph  above  is  available  with 
ply  sources  having  any  specified  fre-  110  or  220  volt  single-phase  spst  10  Capacitors 
quency  between  25  and  2,000  cps,  amp  double-make-double-break  con- 
provide  fixed  time  delays  over  a  wide  tacts.  A  standard  connection  plug 
range.  Units  contain  a  selenium  rec-  or  terminal  board  is  furnished,  at  the 
tifier,  two  oil-impregnated  paper-  option  of  the  purchaser.  The  unit 
dielectric  capacitors,  two  vitreous-  measures  5  inches  high,  5i  inches 
enamel  wire-wound  power  resistors,  long  and  3i  inches  wide.  Flange 
two  insulated  i-watt  carbon  resis-  mounting  on  5i  by  3J  inch  centers 
tors,  two  aircraft-type  relays  and  is  provided.  Power  required  to  oper- 
two  standard  cold-cathode  type  ate  is  10  watts.  Weight  is  3i  lbs. 
gaseous  tubes  (OA4G  and  VR150-  Richardson-Allen  Corp.,  16  West 
30).  All  components  are  moisture-  20th  St.,  New  York  11,  New  York. 


pose  oil-impregnated  silver  mia] 
capacitors  that  are  particularly  use¬ 
ful  in  high-frequency  applications. 


glass-insulated,  ANJ-C-48  No.  18  IVIaster  Setting  and 
stranded.  i  •  o  ii 

A  typical  unit  meeting  AN  re-  Checking  Kolh 

quirements  operates  within  5  percent  Sav-Way  Industries  announce  a  set 
of  the  rated  20-sec  time  delay  when  of  master  setting  and  checking  rolls 

,  for  the  checking  of  micrometers  and 

other  precision  inspection  and  gag- 
iDg  instruments.  The  set  was  de- 
veloped  by  the  manufacturer  in  con- 
nection  with  its  production  of 
precision  aircraft,  automotive  and 


ordnance  parts.  This  set  consists  of  500  fifif.  Both  types  are  made  of 
twenty  individual  rolls  ranging  from  nuica  discs  individually  silvered.  The 
0.100  to  2.000  inches  in  diameter. 

The  rolls  are  hardened,  ground,  and 
lapped  to  gage  makers’  X  tolerance. 

They  are  deep  frozen  before  finish  the  capacitor,  and  the  center  termina 

connects  to  the  other  plate  by  meari- 
^  rivet.  Other  met|^ 

I  ;  to  a'  threaded  brass  mounting  stuc 

I  *  terminal  in  the  center.  Stud^ 

terminal  and  shell  are  electritaily 

Type  831  is  of  “lead  through”  con 
struction.  There  is  a  center  tern 
on  each  side,  with  the  terminals  con 
nected  to  each  other  and  to  one  plat^ 


assembly  is  vacuum  impregnated 
with  transil  oil.  The  outside  metal 
ring  or  cup  connects  to  one  plate  of 


energized  by  power  supplies  turning 
out  between  100  and  135  volts  at 
frequencies  between  350  and  450  cps, 
at  temperatures  ranging  between  40 
and  65  deg  C  with  up  to  95  percent 
relative  humidity.  Maximum  tem¬ 
perature  rise  on  continuous  duty 
from  a  25  deg  C  ambient  is  25  deg 
C.  The  unit  withstands  10-g  shock- 
impact  or  vibration-acceleration  tests 
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.Over  the  long  period  of  years  separating  the  past  from  the  present,  EGA 
has  been  called  upon  to  tackle  the  development  and  production  of  in¬ 
numerable  types  of  specialized  radio  and  electronic  equipment.  Con¬ 
sequently.  our  facilities  are  geared  to  exacting  laboratory  standards. 
We  can  handle  the  most  delicate  assignments  with  understanding  care 
and  painstaking  skill. 

Typical  of  the  apparatus  produced  by  EGA  is  this  Rectifier  Power  Unit 
for  general  laboratory  operation.  Operating  from  a  105-125  volt.  50-60 
cycle  line,  it  delivers  a  maximum  of  150  ma  at  300  volts  DG  and  has 
an  open  circuit  voltage  of  450  volts  DG  and  45  watts  power  output 
from  6.3  volts  AG  centertapped  terminals.  The  hum  voltage  is  0.1%  at 
150  ma  for  all  voltages  above  150  volts.  Continuous  panel  control  of 
the  DG  output  voltage  is  provided  through  a  variable  autotransformer. 


Did  you  read  the  list  marked  "Killed  in  Action" 
in  your  paper  today  ?  A  pint  of  your  blood  might 
have  saved  the  life  of  an  American  boy.  Visit 
your  local  Red  Cross  Blood  Bank  ...  Do  it  nour. 


ELECTRONIC  CORP.  OF  AMERICA 

45  WEST  18th  STREET  •  NEW  YORK  II,  N.Y.  •  WATKINS  9-1870 


of  the  capacitor  by  means  of  a  coin¬ 
silver  rivet.  The  other  capacitor 
plate  contacts  the  outside  metal  shell 
or  ring. 

General  specifications  of  typ)€8  830 
and  831  are:  voltage  1300  volts,  d-c 
test;  500  volts  d-c  working.  After 
100  hours  exposure  to  relative  hu¬ 
midity  of  100  percent  at  40  deg.  C, 
power  factor  is  less  than  0.1  percent 
and  leakage  at  1000  volts  d.  c.  npt 
less  than  5000  megohms.  All  units 
are  color  coded  in  fif. 

Bushing  mounted  capacitors  are 
identified  as  type  817  and  are  used 
in  high-frequency  circuits  where  a 
capacitance  ground  to  the  chassis 
and  a  “lead  through”  is  desired.  The 
ceramic  capacitor  tube  is  plated  in¬ 
ternally  and  externally  with  silver 
and  then  with  copper.  The  tube  is 
a  snug  fit  in  the  brass  bushing  and 
the  external  capacitor  plate  is 
soldered  to  the  bushing.  The  tinned 
copper  wire  is  also  a  snug  fit  inside 
the  capacitor  tube  and  is  soldered 
to  the  internal  plate.  The  entire 
unit  is*wax  impregnated  after  as¬ 
sembly.  Dimensions,  capacitance, 
temperature  coefficient  and  voltage 
breakdown  are  all  closely  related  and 
changing  any  one  of  these  details  will 
change  the  others.  The  unit  in  cur¬ 
rent  production  is  part  817-001.  Ca¬ 
pacitance  is  55  nfif  plus  or  minus  10 
percent.  Temperature  coefficient  is 
—0.00052  /i/jif//t/tf/deg.  C,  test  vol¬ 
tage  is  2000  volts  d.  c.,  working  vol¬ 
tage  is  1000  volts  d.c.  Other 
capacitances  and  sizes  can  be  manu¬ 
factured  if  the  quantity  needed 
justifies  the  tooling  of  special  parts. 

Centralab,  900  East  Keefe  Ave., 
Milwaukee,  Wis. 


Adjustable  Overload  Relay 

Series  445-G33393  relay  is  used  as  an 
overload  protection  in  circuits  with 
varying  current  demands.  The  out¬ 
standing  characteristic  of  this  relay 
is  that  it  can  be  adjusted  to  close  at 
any  value  from  0.200  to  0,750  amp 
by  means  of  an  adjustable  core  which 
varies  the  reluctance  of  the  magnetic 
circuit.  The  contacts  are  rated  5  amp 
at  115  volts,  60  cps,  and  are  available 
in  combination  up  to  three  pole  DT. 
The  coil  current  is  adjustable  from 
0.200  to  0.750  amp.  It  can  be  wound 
to  operate  on  current  or  voltage 
ranges  where  the  minimum  wattage 
is  over  0.32  watt  and  the  maximum 


wattage  is  under  4.5  watts.  Resis¬ 
tance  is  rated  8  ohms.  Temperature 
rise  is  52  deg  C  at  0.750  amp.  The 
vibration  resistance  is  8  times  grav¬ 
ity,  energized  or  de-energized. 
(Tested  at  45  cps  at  0.080  inch  ex¬ 
cursion.)  Insulation  to  ground 
(tested)  is  900-volts  a.c.  The  unit 


measures  lA  x  2i  x  2i  inches,  and 
weighs  9  ounces.  The  mounting  holes 
are  center  to  center,  21  x  li  inches. 

Guardian  Electric,  1621  West  Wal¬ 
nut  St.,  Chicago,  Ill. 

Radio-F  requency 
Capacitometer 

A  NEW  RADIO-FREQUENCY  capacito- 
meter,  designed  for  precision  meas¬ 
urements  of  small  capacitance  and 
inductance,  is  available  from  the  Spe¬ 
cialty  Division  of  the  Electronics 
Department,  General  Electric  Co., 
Schenectady,  N.  Y. 

Application  of  the  meter  is  in 
industrial,  college,  and  other  labora¬ 
tories.  The  instrument  weighs  55  lb 


and  is  a  completely  self-contained 
portable  unit  housed  in  a  steel  case. 
Indicating  instruments,  controls  and 
fuse  are  conveniently  mounted  on  the 
instrument  panel.  The  front  panel 
and  base  can  be  withdrawn  from  the 
cabinet  as  a  unit  for  standard  rack 
mounting. 

The  capacitometer  measures  di¬ 
rectly  at  radio  instead  of  audio  fre¬ 
quency,  with  measurements  being 


performed  with  the  aid  of  an  oscil- 
loscope  instead  of  ear  phones.  7'he 
scale  on  the  unit  can  be  read  from 
zero  to  1000  /ijnf  when  measuring 
capacitance,  with  inductance  meas¬ 
ured  in  the  range  of  zero  to  1000 
microhenries. 


Low-Resistance  Test  Sets 

Two  NEW  LOW-RESISTANCE  test  sets, 
Type  654  (Army  range)  and  Type 
653  (Navy  range)  include  regular 
features  of  previous  models  but  are 
portable  and  facilitate  greater  free¬ 
dom,  ease,  and  speed  of  operation 
because  the  test  unit  (containing  the 
meter,  batteries,  switches,  control, 
etc.)  is  supported  in  front  of  the 
operator  by  means  of  adjustable 
shoulder  straps.  Applications  of  the 
unit  include  testing  of  aircraft  bond¬ 
ing,  railroad  bonds,  radio  equipment, 
contact  resistance  of  relays,  circuit 
breakers  and  switches.  Type  654  is 
rated  at  0.005  and  0.5  ohm  full  scale, 
and  Type  653  is  rated  0,003  and  0,3 
ohm  full  scale. 

Shallcross  Mfg.  Co.,  Collingdale, 
Pa. 


Oscillograph 

Type  S-8  oscillograph  is  a  general- 
purpose  instrument  designed  for 
high-speed  recording.  It  can  be  sup¬ 
plied  with  12,  18,  or  24  galvano¬ 
meters  for  independent  recording 
channels.  Recording  is  made  on  a 
moving  chart  of  sensitized  paper. 
The  external  record  receiver  can  be 
removed  from  the  oscillograph  at 
any  time  for  development  of  the 
records  it  contains.  By  means  of  a 
quick-change  transmission,  16  rec¬ 
ord  speeds  covering  a  range  of  120 
to  1  can  be  instantaneously  selected. 
The  standard  record  speed  range  is 
from  J  to  40  inches  per  second. 
Speeds  higher  or  lower  than  this 
are  also  available. 

Tsrpe  OA-2  bifilar-type  galvano¬ 
meters  which  cover  a  wide  range 
of  characteristics  from  a  natural 
frequency  of  200  cps  to  10,000  cps. 
and  sensitivities  to  50  mm/ma  at 
1  meter  are  available  for  use  with 
the  instrument.  Also  available  are 
type  OD  coil-type  galvanometers  with 
natural  frequencies  as  low  as  50  cps, 
and  sensitivities  as  high  as  1000 
mm/ma  at  1  meter.  Accurately  cali¬ 
brated  attenuators  (from  0  to  100 
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NAVY  PLUGS 


Mwttralcd:  two  new  Navy  Plugs.  Listed  below:  Army  Signal 
Corps  Plugs  ond  Connectors...  new  Navy  Plugs. 

Types: 

PL 

N  A  F 

50-A 

61 

74 

114 

150 

54 

62 

76 

119 

159 

55 

63 

77 

120 

160 

1136-1 

56 

64 

104 

124 

354 

56 

65 

108 

125 

No. 

59 

67 

109 

127 

212938-1 

PIP 

PLQ 

Pis  1 

56  65 

59  67 

60  74 

61  76 

62  77 

63  104 

64 

56  65 

59  67 

60  74 

61  76 

62  77 

63  104 

1  64 

56  64 

59  65 

60  74 

61  76 

62  77 

63  104 

REMLER  ENGINEERS  and  technicians,  plus  com¬ 
plete  tool  and  die,  plastic  molding  and  screw  machine  facilities 
permit  complete  follow  through  on  prime  or  sub-contracts  for  the 
manufacture  of  components  and  complete  communication  equip¬ 
ment.  Each  step,  from  specified  or  original  designs  to  finished  job 
is  rigidly  supervised.  Present  contracts  and  schedules  enable 
Remler  to  consider  additional  electronic  assignments.  Extensive 
facilities  and  improved  techniques  frequently  permit  quotations 
at  lower  prices. 

Wire  or  telephone  if  we  can  be  of  assistance 

REMLER  COMPANY,  LTD.  •  2101  Bryant  St.  •  San  Francisco,  10,  California 


REMLER 

SINCE  1918 

•Of^nouncln^  &  (Communication  Sl^uipmcnt 


OTHER  DESIGNS  TO  ORDER 
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The  Arnold  Fngineering  Fompany 


147  EAST  ONTARIO  ST.  •  CHICAGO.  ILLINOIS 


percent  in  10  percent  steps)  are 
provided  for  each  galvanometer 
channel.  Fuses  are  provided  in  the 
circuits  to  guard  against  accidental 
injuries  to  the  galvanometer  ele¬ 
ments  from  excessive  current.  Con- 


PERJHANENT 
,  MAGNETS 


Ihe  Arnold  Engineering  Company  produces 
all  ALNICO  types  including  ALNICO  V.  All 
•  magnets  are  completely  manufactured  in 

our  own  plant  under  close  metallurgical,  mechanical 
and  magnetic  control. 

Engineering  assistance  by  consultation  or 
correspondence  is  freely  offered  in  solution  of  your 
magnetic  design  problems.  All  inquiries  will  receive 
prompt  attention. 


nection  to  the  galvanometers  can  be 
made  by  means  of  individual  recep¬ 
tacles  which  are  useful  for  general- 
purpose  laboratory  work,  or  by 
means  of  a  multi-terminal  receptacle 
which  is  useful  in  field  applications 
where  it  is  desirable  to  connect  the 
oscillograph  to  auxiliary  equipment 
by  means  of  a  single  cable.  The 
oscillograph  has  a  footage  dial  on 
the  control  panel. 

Bulletins  and  more  complete  de¬ 
tails  are  available  from  the  manu¬ 
facturer,  Hathaway  Instrument  Co., 
1315  S.  Clarkson  St.,  Denver  10, 
Colorado. 


Ceramic-Insulated  Coaxial 
Cable 

A  CERAMIC-INSULATED  coaxial  cable 
is  available  in  long  lengths  up  to 
3000  feet  or  more,  in  I  inch  diameter. 
Its  special  advantage  is  that  it  is 
pliable  in  comparison  to  rigid  cables, 
due  to  use  of  soft-temper  copper. 

Victor  J.  Andrew  Co.,  363  East 
75th  St.,  Chicago  19,  lU. 


COlO  C0.318.A 


Signalling  Timer 

The  new  Series  S  signalling  timer 
is  designed  to  command  visual  and 
audible  attention  the  instant  a  time 
interval  is  completed.  It  provides 
for  the  automatic  closing  or  open¬ 
ing  of  a  circuit  at  the  end  of  elapsed 
time,  and  operates  additional  buzzers, 
bells  or  lights  at  remote  locations. 
The  instrument  comes  in  a  metal 
case  which  may  be  attached  to  any 
wall  or  panel  or  standard  switch 
box.  It  measures  5  x  5  x  3i  inches. 


JK-48 

PL-47 

PL-54 

PL-SS 


Your  iaquiry  /«  invitod  on  tboao  and 

othor  Intor-communteaHon  Kquipmont 


mKabehou 


TEtBVtStOM  COEPOBATtOH 

1030  W.  VAN  BUREN  ST.,  CHICAGO  7,  ILL. 


/ 

1^' 

- 

296 


January  1944  —  ELECTRONICS  I  ELECTR 


1 


qA  crude  lantern  flashed  the  news  of  ToDAY.  whde  the  smoke  and  flames 

Nelson*s  victory  at  Trafalgar  to  watchers  on  the  of  a  bombed  city  rise  high  in  the  sky,  r\ews  of 

Eng^hcoast.Thus,thesecondnightafterthebattle  a  raid  goes  around  the  uxrrld  by  radio  before 

the  news  began  its  slow  spread  around  the  world.  the  planes  return  to  their  home  bases. 


Sentinel 


Sentinel  has  played  a  prominent  part  in  developing  the 
miracle  of  radio — is  playing  a  vital  part  today,  in  creating  and 


RADIO 

2tteUUtf^  SiMce  t920 


producing  wartime  equipment  which  is  helping  to  carry  out 
the  strategy  and  guide  the  action  of  our  armed  forces. 

The  Sentinel  radios  of  tomorrow  will  emerge  conditioned 
by  this  wartime  experience  .  .  .  radio  and  electronic  Products 
that  promise  volume  sales  for  Sentinel  dealers. 


SENTINEL  RADIO  CORPORATION 

2020  RIDOE  AVENUE,  EVANSTON,  ILL... 
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WinchargerVertical  Radiator 

mmCKARGER  CORPORATION  SIOUX  CUT.  IOWA 


F.  W.  STEWART  MFG.  CORF. 

4311-13  RAVENSWOOD  AVE.  CHICAGO  IlL.^ 


JONES 

BARRIER  STRIPS 

SOLVE  MOST  TERMINAL 
PROBLEMS 


A  compact,  sturdy  tarminal  strip  with 
Bakolito  Barriers  that  provide  maxi¬ 
mum  matal  to  matal  spacing  and  pre¬ 
vent  direct  shorts  from  frayed  wires 
at  terminals. 

«  SIZES 

cover  every  requirement.  From 
wide  and  13/32"  high  with  5-40  screws 
to  2*/2"  wide  and  i'/a"  high  with 
*/l"-28  screws. 

Jones  Barrier  Strips  will  improve  as 
well  as  simplify  your  electrical  intra- 
connecting  problems.  Write  today  for 
catalog  and  prices. 


motor  is  a  slow-speed,  self-starting 
synchronous  type.  The  contacts  are 
pure  silver.  The  following  types  of 
Series  S  timers  are  available: 

•Model 

s— IM 
S— 3M 
S— 5M 
S— lOM 
S — 18M 
S— 30M 
S — IH 
S— 3H 


Viol  Calibration 
1  Kecond 
5  anecondM 
15  8<>COIldK 
15  tteconds 
15  8m>ndM 
1  minute 
1  minute 
5  minuteH 


'  You  can  count  on 
Wincharger  Anten¬ 
na  Towers.  They 
combine  strong  effi¬ 
cient  coverage  with 
built  to  last  quali¬ 
ties  that  insure  you 
years  of  service. 

Add  to  these  ad¬ 
vantages  their  strik¬ 
ingly  attractive  ap¬ 
pearance  plus  a  sen¬ 
sationally  low  initial 
cost  and  it's  easy  to 
see  why  an  ever  in¬ 
creasing  number  of 
I  Wincharger  Anten- 
’  na  Towers  are  being 
used  for: 

Commenkl  Bn9dc&stm§ 
PoKce  Work 

Sigoal  Corps  Air  Lmos 
OnhaiKo  Pkmts 

Tob*  sure  for  years  ahead 
—be  sure  to  specify  Win¬ 
charger  Antenna  Towers. 


HOWARD  B.  JONES 

24S0  West  George  Street 
CHICAGO  IB  ILLINOIS 


*  The  moiiel  number  nlso  deHi){iiateti  the 
rateil  maxiniiiin  time  interval.  .M  repreaent- 
inc  ininiitefi  and  li  representiiiK  hoiirx. 
I’neea  range  around  At20.<X». 

Industrial  Timer  Corp.,  117  Edison 
Place,  Newark,  N.  J. 


FLEXIBLE  SHAFTS 

ttiort  carry  power  around 
any  comer  is  our  spe¬ 
cialty.  Faithful,  depend¬ 
able  power  drives  or 
remote  control  in  air- 
plcmee.  tanks,  signal 
corps  radio,  and  many 
other  war  and  commer¬ 
cial  products.  Shafts 
made  to  your  specifica¬ 
tions.  Our  engineering 
department  will  woik 
out  your  portlcular 
power  problem  without 
obligation. 


High-Power  Variable 
Capacitors 

For  electronic  heating  applica¬ 
tions  there  are  available  heavy-duty 
variable  air  capacitors  which  feature 
electrical  design  symmetry,  built-in 
neutralization  and  mechanical  dura¬ 
bility.  These  capacitors  are  desig¬ 
nated  as  B  &  W  Type  CX  Variable, 


Writ*  today  for 
Manual  D. 


•TMejfSSS 


and  are  available  in  almost  any 
required  capacitance  for  electronic 
heating  use  up  to  5  kw,  12,500  volts. 
The  units  are  constructed  so  that 


WMt  CMtt  Branch  431  Vcnica  BIvS.,  Lm  AniUct,  Cxllf. 
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To  obtain  the  exacting  performance  of  today’s  industrial  processes 
and  electrical  equipment  —  use  POWERSTAT  precision  voltage  control. 

SECO’S  standard  line  of  distortionless  variable  transformers  enables  you  to  set  voltage 
quickly  and  exactly  to  any  specified  value  independent  of  load,  power-factor,  and  frequency. 

SECO’S  line  of  manually  or  motor  driven  POWERSTATS  for  remote  push-button  or 
automatic  operation  is  applicable  to  your  control  problem. 
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Standard  types  are  available^for  single  or  polyphase  operation  on  115,  230  or  440  volt 
circuits  in  capacities  up  to  75  KVA. 

o 


VOLTAGE  PROBLEM 
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00 


ET 


ELECTRICAL  PRODUCTS  CO. 


they  lend  themselves  to  the  built-in 
mounting  of  standard  inductors  in 
such  a  way  that  lead  lengths  and 
resulting  lead  inductance  are  reduced 
to  a  minimum. 

An  “Engineering  Data  Sheet”  i.s 
available  from  the  manufacturer, 
Barker  &  Williamson,  2S5  Fairfield 
Ave.,  Upper  Darby,  Pa, 


400-Cycle  Vibrating  Reed 
Frequency  Meter 

The  basic  characteristics  of  these 
new  400-cycle  vibrating  reed  fre¬ 
quency  meters  are  similar  to  those 
described  in  May  Electronics,  page 
230,  for  the  60-cycle  meters.  Two 
models  are  available  in  the  400-cycle 
type  and  these  are  Model  33-F  and 
Model  33-FX. 

J-B-T  Instruments,  Inc.,  441  Chapel 
St.,  New  Haven  8,  Conn. 


Q  M.  1  X  Y 


Electronic  Temperature 
Indicator 


An  ei.ectronic  temperature  indica¬ 
tor  (Model  26 A)  is  available  to  in¬ 
dustries  which  do  not  require  an  ex- 
pensiv3  recording  pyrometer.  A 
switch  on  the  front  panel  gives 
instantaneous  selection  of  three 
temperature  ranges.  The  standard 
limits  of  the  instrument  are 
from  —100  deg.  to  ±1000  deg.  C. 
(  —  212  to  +1832  deg.  F)  with  a 
normal  accuracy  of  ±2  percent.  Five 
pairs  of  terminals  for  five  thermo¬ 
couples  are  provided,  any  one  of 
which  can  be  switched  into  the  cir¬ 
cuit  so  that  the  temperature  at  five 
different  points  can  be  read. 


Peerless  Transformers  are  quality  trans¬ 
formers  . . .  quality  through  and  through! 
Peerless  facilities  permit  the  production 
of  quality  transformers  at  low  cost  .  .  . 
that’s  why,  when  peace  comes.  Peerless 
should  be  first  on  your  transformer  list. 


Connecting  wires  between  thermo¬ 
couple  and  instrument  carry  only 
fractional  voltages  from  the  thermo¬ 
couple  and  therefore  no  special  pro¬ 
visions  are  necessary  for  insulation. 
Varying  lengths  of  thermocouple 
leads  will  not  affect  the  calibration.' 
The  instrument  can  be  operated  with 
approximately  100  feet  of  connecting 
wire  between  thermocouple  and  in- 
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ibsiloi 

ELECTRICni  CONTRCTS 


Are  Made  From 
Powdered  Metals 


★Gibsiloy  electrical  contact  materials,  produced  by  processes  of  pow¬ 
der  metiillurgy,  combine  metals  which  do  not  naturally  alloy  with  one 
another.  The  resulting  materials  combine  the  desired  characteristics 
of  the  constituent  elements.  With  Silver  as  the  principal  ingredient, 
high  electrical  and  thermal  conductivity  and  low  contact  resistance 
are  assured,  while  the  following  properties  may  i>e  added  as  desired: 
TOUGHNEISS,  HARDNESS,  and  LONG  LIFE — by  the  addition 
of  Nickel. 

NON-WELDING  CHARACTERISTICS— by  the  addition  of  Graph¬ 
ite  .a  non-fluxing  element),  or  Molybdenum  or  Tungsten  (metals 
with  high  melting  points). 

Our  engineering  service  is  available  for  the  study  and  solution  of  your 
contact  problems.  May  we  be  of  service  to  you? 


A 
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FORM  AVAILABLE 

Cast  Rod  Maximum  length  — 10' 

PHYSICAL  PROPERTIES 
COLOR —  pale  yellow  to  water  white 
AAACHINABILITY — good,  similar  to  brass 
SPECIFIC  GRAVITY—  1.04-1.06 

IMPACT  (Dynstat) —  .07 -.08  ft.  lbs. 

FLEXURAL  STRENGTH— 

(Dynstat)  7500-10,000  Ibs./sq.  in. 

WATER  ABSORPTION— 

less  than  0.1%  in  24  hrs. 

DIELECTRIC  CONSTANT—  2.4  to  2.5 


POWER  FACTOR  — 


.0006-0009 


SOLVENT  RESISTANCE— Generally  in- 
soluble  in  most  solvents  but  swells  in 
aromatic  hydrocarbons. 


The  General  Electric  Plastics 
Divisions  have  developed  a  new 
material  with  unusual  character¬ 
istics.  This  new  plastic  has  the 
ability  to  withstand  very  high 
temperatures  without  melting.  It 
has  high  dielectric  strength, 
low  power  factor,  and  low  di¬ 
electric  constajit.  This_  material 
has  been  successfully'  used  for 
applications  in  the  radio  in¬ 
dustry  where  other  plastic  mate¬ 
rials  have  proved  unsatisfactory. 
For  further  information  write 
section  N-248,  One  Plastics 
Avenue,  Pittsfield,  Mass. 

Hear  the  General  Electric  radh  programs:  The  G-E  “All 
Girl  Orchestra"  Smmday  10  P.M.  EW^,  NBC  “The  World 
Today"  news  every  sveeUay  6:4f  P-hf.  EWT,  CBS. 

GENERAL  %  ELECTRIC 

PI>-14a 

BUY  WAR  BONDS 
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dicator.  The  instrument  is  easy  to  24  volts,  and  other  voltage  applies- 

operate,  requires  no  supervision,  is  tions.  It  is  available  with  all  the 

adapted  for  permanent  use,  is  not  various  output  shaft  speeds  which 

affected  by  ordinary  plant  building  the  company  now  has  in  its  a-c  line 

vibrations,  and  is  designed  so  that  of  timing  motors  (these  speeds  are 
it  cannot  be  damaged  by  overload  or  secured  through  sealed-in  lubricated 
wrong  application.  It  comes  in  a  gear  trains).  Speeds  available  are 
standard  radio  relay  rack,  panel  built  from  100  rpm  down  to  one  rpm. 
into  a  metal  cabinet,  and  weighs  24 


Industrial  Electronics  Div.,  North 
American  Philips  Co.,  Inc.,  419  4th 
Ave.,  New  York,  N.  Y. 


Improved  Pickup 


Electro  Products  Laboratories  (549  I 

W.  Randolph  St.,  Chicago,  Ill.)  is  /IT)! 

now  producing  a  new  and  improved  >  “  Ini/flll  [jj|l 

pickup  (designated  as  No.  3000B).  **  /^Ip^  # 

It  has  a  bayonet  type  socket  which 
provides  quick,  reliable  contact  be- 
tween  connection  cable  and  pickup. 

Adapter  adjustments  are  made 

simpler  by  the  use  of  two  set-screws  Consistent  speed  is  obtained  by  the 
which  replace  the  older  type  hex-  governor  effect  of  an  electrical  eddy 

current  drag  built  into  the  motor. 
There  is  no  arcing  at  high-altitude 
operation  and  brush  life  long.  The 
motor  can  be  purchased  with  special 
lubricant  for  operation  at  extremely 
low  temperatures.  Other  features 
new 

weight  of  approximately  6  ounces, 
•  and  operation  on  a  current  input  of 

agonal  nut.  This  construction  per-  approximately  100  ma.,  no  load.  The 
mits  easy  installation  and  removal  motor,  including  gear  reduction, 
from  the  engine  with  an  ordinary  measures  2A  x  21  x  li  inches, 
socket  wrench.  The  pickup  coil 
operates  at  constant  polarity  and  i  ^  d  i 

has  impregnation  that  withstands  Shockproof  ReUy 
continuous  operating  temperatures  Designed  for  airplane  use  where 
of  350  deg.  It  provides  quick  re-  precaution  must  be  taken  against 
placement  of  either  diaphragm  or  unintentional  operation  of  contacts, 
coil  for  economical  operation  and  Type  17AXX  relay  meets  specified 
long  life.  The  pickup  may  be  used  requirements  for  this  type  of  unit, 
for  studies  of  detonation  conditions  The  manufacturer  states  actual  tests 
in  internal  combustion  engines,  and  show  that  it  will  withstand  accelera¬ 
tor  compression  conditions  in  pumps  tion  tests  of  better  than  90  gravita- 
and  other  devices  where  there  are  tional  units — or  from  eight  to  ten 
variations  in  pressure.  It  also  may 
be  used  to  actuate  a  cathode-ray 

oscillograph  or  the  manufacturer’s  w 

knock-intensity  indicator  for  rating 
of  engine  fuels. 


Suprtmt't  New  “Hairlimt  Atcurtcy"  Meier 


ALLIED  LIVES... Allied  victories., 
depend  upon  the  Communication 
waves  and  wires.  These  channels  of 
contact  must  be  kept  open.  Our 
fiqhting  men  rely  on  the  accuracy, 
dependability  and  ease  of  opera¬ 
tion  of  Supreme  Instruments  and 
Meters,  assured  by  Supreme's  15 
years  of  experience.  Supreme 
Radio  Testing  Equipment  Keeps 
Communications  Open. 


Direct-Current  Timing  Motor 

Haydon  Mfg.  Co.,  Inc.,  of  Forest- 
ville.  Conn.,  announced  their  “Hay¬ 
don  D-C  Timing  Motor’’  for  timing 
applications  on  direct  current. 

This  is  a  normally  running  6-  times  1 
volt  motor  with  resistance  wire  lays.  ’ 
calibrated  at  the  factory  for  12  volts,  in  size, 


Supreme  5C)4-ATube  and  Set  Tester 
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FFICIAL  government  figures  disclose 


that  our  war  cost  had  reached  289  million 


dollars  a  day  by  mid-year,  1943,  and  the  cost 


has  been  over  7  billion  dollars  a  month 
ever  since. 

As  manufacturers  of  communications  and 
aircraft  material  on  which  human  lives  often 
depend,  we  know  of  one  heartening  reason 
for  this  tremendous  cost:  Uncle  Sam  will 
not  compromise  with  quality  at  the  expense 
of  our  fighting  men.  They  are  getting  the 
finest,  most  dependable  equipment  any 
army  ever  had.  And  that  saves  lives. 

Is  it  any  wonder  we  are  being  asked  to  dig 
down  and  buy  War  Bonds  until  it  hurts? 
And  isn’t  it  well  worth  it,  knowing  that 
our  sacrifice  is  maintaining  quality  as  well 
as  quantity  of  weapons?  Our  people  here 
at  Connecticut  Telephone  and  Electric  Div¬ 
ision  think  so  .  .  .  they  are  100^  pledged 
to  regular  payroll  deductions  for  War 
Bonds,  oh  an  average  of  15%  of  their 
incomes. 


OUR  CONTRIBUTION  TO  THE  WAR  EFFORT 


SWITCHtOARDt 


FliLD  TdlFHONIS 
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AIRCRAFT  lONITION  FARTS 


^  "  CONNECTICUT 
lELEPHONE  &  ELECTRIC  DIVISION 

lary  re-1 

I.  sx’^i'IeRIDEN,  CONNECTICUT  (H 
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En^ixcsring,  Development, 

Precision  Electrical  Manufacturing 

O  1944  Gnat  Amariem  ladiutrUi,  Ime.,  Mtridut,  Cmm. 


SRAl 


PLASTIC  PARTS 


l^arge  or  small  quantities.  Produced  to  your  specifi 
cations.  Precision  machining,  stamping  and  forming 

all  plastics.  No  molds  required.  Send  your  blueprint," 

( 

or  write  for  bulletin. 


l’l’ilNTL(lll),^«e 


of  this  type  are  supplied  with  serie.s 
coils  for  any  direct  current,  or  with 
shunt  coils  for  use  on  12  or  24  volt.s 
d.c. 

Struthers-Dunn,  Inc.,  1321  Arch 
St.,  Philadelphia,  Pa. 


Alternate  for  Micro- 
Crystalline  Wax 

To  MEET  THE  SHORTAGE  of  micro- 
crystalline  wax,  Wishnick-Tumpeer, 
Inc.,  296  Madison  Ave.,  New  York, 
N.  Y.,  announces  the  development 
of  Witco  Hamp  Wax,  a  new  group  of 
waxes  available  (without  allocation) 
for  military  and  essential  civilian 
products.  The  wax  is  essentially  a 
hard  amorphous  petroleum  wax 
which  possesses  high  resistance  to 
moisture  vapor  transmission.  It  is 
available  in  several  grades,  with 
melting  points  ranging  from  155  deg. 
F  to  168  deg.  F  and  penetration  of 
36  to  60  at  77.  The  product  is  amber 
in  color  and  is  available  in  several 
manufacturer’s 


Orders  to  PT  boats  going  into  action  .  .  .  commands 
given  to  troops  in  the  field  .  .  .  vital  messages  flashed 
to  planes  in  combat  .  .  .  That’s  the  kind  of  talk  that's 
winning  the  war  . . .  Our  job  is  to  supply  the  equipment 
for  land,  sea  and  air  which  makes  this  rapid  communi¬ 
cation  possible.  And  we’re  putting  into  this  job  all  that 
we’ve  learned  and  the  skill  developed  in 'more  than 
a  half  century’s  experience  in  electro-mechanics. 

Radio  and  Electronics  are,  therefore,  no  strangers  to 
us.  And  when  Victory  is  won,  we  will  be  ready  to  adapt 
these  and  other  electro-mechanical  devices  to  the  needs 
of  your  product.  Equipped  as  we  are  to  manufacture 
with  rare  eflSciency,  as  well  as  to  originate  and  design, 
you  can  look  to  os  as  an  economical  and  dependable 
source  of  supply. 

ITe  will  be  glad  to  work  with  you  NOW  in 

the  development  of  your  post-war  products. 


1  Hove  you  an 

idmq  or  invention 

in  cjM^-meehaities  which 
you  HmSc  will  aid  the  war  ef- 
forifcbr  which  has  peace-time 
apfnicatlon  T  We’U  be  glad  to 
develop  it  with  you  on  a  mu¬ 
tually  satisfactory  basis. 

We  are  planning  to  add  6 
or  e  products  to  our  post-war 
jine.  If  you  have  a^prodoct  or 
idea  which  you  believe  would 
fit  in  with  our  activities,  write 
Mr.  W.  E.  Ditmars.  our  Presi¬ 
dent.  in  complete  detail.  We 
'  will  consider  any  practical 
arrangement. 


grades  from  f 
plant  in  Chicago. 

Samples  for  trial  purposes  are 
available  by  writing  Wishnick-Tum¬ 
peer,  Inc.,  295  Madison  Avenue,  Ne\» 
York  17,  N.  Y. 


Makers  of  telephone  pay 
stations  since  1091 


HARTFORD,  CONNECTICUT 
230  PARK  AVE.,  NEW  YORK 


Specialty  Division,  Electronics  De-| 
partment.  General  Electric  Co.,i 
Schenectady,  N.  Y.  A  special  feature! 
is  a  lock-on  color  cap  which  cannot: 
be  shaken  loose  and  will  not  “freeze” 
to  the  base.  As  many  as  five  circuits 
can  be  identified  on  one  panel  by  the 
use  of  five  different  color  caps.  The 
lamp  is  supplied  ready  for  mounting.] 
The  base  is  mounted  directly  to  thej 
back  of  the  instrument  panel  and 
the  color  cap  is  screwed  into  the 
base  through  the  panel.  A  coil  spring 
applies  constant  pressure  to  the  base 
of  the  lamp  bulb  to  maintain  a  good 
electrical  contact.  The  lamp  takes 
6-  to  8-volt  bulbs. 

Applications  include  radio  trans¬ 
mitters,  and  any  other  equipment  or 
control  device  where  a  glow  lamp  is 
needed  to  show  that  the  device  or 
circuit  is  on  or  off. 

Also  available  is  a  safety  door  in¬ 
terlock  switch,  designed  as  an  emer- 
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Engineers  and  officials  interested  in  improv¬ 
ing  product  performance  are  invited  to  a 

PRIVATE  DEMONSTRATION 

of  the  following  devices,  and  to  discuss 
their  applications  to  postwar  products. 


1*  Yardeny  Multi-Revolution  Selector. . .  A  motor  operated  remote  control 
device  for  placing  an  object  in  one  of  several  preselected  positions  within  a* 
range  of  one  or  several  revolutions,  with  an.  accuracy  of  one  to  five  hundredths 
of  one  degree  of  a  circle. 

2*  Yardeny  Integrating  Selector, , .  A  motor  operated  remote  control  system 
in  which  by  means  of  relatively  few  control  switches  or  push  buttons  a  series 
of  steps  are  integrated  for  placing  an  object  with  high  degree  of  accuracy  into 
one  of  a  large  number  of  desired  or  predetermined  positions. 

3*  Yardeny  Bcudt-IndiccUing  Remote  Control  System...  A  motor  operated 
device  for  placing  an  object  in  any  desired  position  as  reproduced  by  an  indi¬ 
cator  at  the  point  of  control.  High  accuracy  not  affected  by  the  type  of 
motor  or  kind  of  current  used.  Substantial  torque  (within  1  h.  p.)  obtain¬ 
able  without  affecting  accuracy. 

IMMEDIATE  ACTION  URGED 

Demonstrations  in  New  York  City  by  appointment 
during  December  and  January  only.  Communicate 
with  Mr.W.H.  France,  American  Type  Founders,  at 
60  E.  42  St.,  Rm.  2020,  or  phone  Murray  Hill  2-2838. 
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ANY  SHAPE  OR  SIZE 

meets  government 
specifications  for  Grade 
G  ceramics.  Has  a  very 
desirable  low-loss  fac¬ 
tor,  making  it  particu¬ 
larly  well  suited  for 
radio  and  television 
equipment.  Its  strength 
and  density  make  it 
ideal  for  many  me¬ 
chanical  uses. 


STAR  PORCELAIN  CO 


ELECTRONICS  DEPT. 
TRENTON.  N.  J. 


THgPS  MORE  TO  KHURLING 


THAN  MEETS  THE  EYE 


\ 


<!iSP 

.  .  .  far  more.  In  "UNBRAKO"  SELF¬ 
LOCKING  HOLLOW  SET  SCREWS, 
for  example,  knmling  of  the  points 
means  positively  that  they  won't 
shake  loose  come  what  may  and 
that  is  equivalent  to  a  real  saving 
in  maintenance  cost.  time,  labor;  and 
an  increase  in  industrial  safety.  The 
Knurled  Points  dig  in  and  absolutely 
prevent  the  "Unbrako"  from  unwind¬ 
ing  and  so  eliminate  a  great  many 
of  the  repairs  necessary  on  machin¬ 
ery  where  ordinary  set  screws  are 
us^. 

"Unbrako"  Screws  range  in  size  from 
No.  4  to  \W  diameter.  Send  for  the 
"Unbrako"  Catalog  today. 


In  "UNBRAKO"  SOCKET  HEAD  CAP 
SCREWS,  the  knurled  feature  serves 
a  double  purpose — it  speeds  up  pro¬ 
duction  by  providing  a  firm  grip  for 
mechanics'  fingers  even  when  greasy 
— and  provides  a  simple  and  effec¬ 
tive  means  of  locking  after  counter¬ 
sinking.  Naturally  both  these  ad¬ 
vantages  also  result  in  labor  and 
monetary  savings  too. 

Knurling  of  Socket  Screws  originated 
with  "Unbrako"  years  ago. 


STANDARD  PRESSED  STEEL  CO. 

JINKINTOWN.  J’tNNA  BOX  ."Tl  BRANCMtS  BOSTON  DETKOIT  iNDIANAPOllS  CHICAGO  ST  1.0UIS  SANfBANCISCO 


gency  device  to  interrupt  control 
circuits  where  access  doors  are 
opened  when  the  power  is  on.  It  has 
a  carrying  capacity  of  10  amp,  110 
or  220  volts  a.c.  or  d.c.,  and  an 
emergency  opening  capacity  of  a-c 
7i  amp,  110  or  220  volts;  d-c  on  low 
inductive  circuits,  5  amp,  125  volts; 
2i  amp,  260  volts.  Application  cov¬ 
ers  a  wide  range  where  doors, 
windows  or  covers  must  be  inter¬ 
locked  for  the  protection  of  the 
equipment  and  safety  of  the  person¬ 
nel,  such  as  doors  on  radio  transmit¬ 
ters,  x-ray  and  therapeutic  machines, 
burglar  alarms,  and  signal  controls 
for  fire  doors. 


Literature, 


Measuring  Instruments.  A  new  cat¬ 
alog  on  aircraft  and  industrial  test¬ 
ing  instruments  is  divided  into  five 
sections  covering  aircraft  gyro  test 
instruments,  aircraft  vibration  test 
instruments,  aircraft  industrial  pro¬ 
duction  testers,  industrial  vibration 
measuring  instruments,  and  electro¬ 
mechanical  laboratory  and  produc¬ 
tion  test  equipment.  Each  section 
contains  pictures  and  descriptions 
of  the  main  functions  and  applica¬ 
tions  of  Televiso's  basic  instru¬ 
ments,  which  are  constructed  so  as 
to  permit  electrical  and  mechanical 
modifications  to  fit  the  particular 
application  desired  by  the  pur¬ 
chaser.  Copies  are  available  from 
Televiso  Products,  Inc.,  at  6533 
North  Olmsted  Ave.,  Chicago. 

Visual  Aid  Vacuum  Tube  Chart. 
This  chart  shows  all  parts  of  a  typ¬ 
ical  radio  tube  individually  and  in 
relation  to  the  final  construction, 
for  instruction  purposes.  It  also 
contains  element  classifications  and 
symbols  for  all  types  of  tubes, 
sketches  of  base  pin  arrangements 
and  numbering  systems.  This  chart, 
measuring  30  x  45  inches,  is  printed 
on  heavy  paper  and  equipped  with 
wooden  dowels  to  facilitate  hanging 
on  laboratory  or  classroom  walls. 
Copies  are  available  from  National 
Union  distributors  at  $1.00  but  are 
furnished  free  to  Signal  Corps  or 
other  recognized  institutions  con¬ 
ducting  fully  accredited  radio 
courses. 
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THE  MODEL  610-6 

MEG-O-METER 

A  NEW-BATTERY  OPERATED 

INSULATION  TESTER!! 

INSTANTLY  INDICATES  THE  EXACT 
LEAKAGE  OF  ALL  INSULATION  FROM  ZERO 
UP  TO— 

200  MEGOHMS 

AT  A  TEST  POTENTIAL  OF 

500  VOLTS  D.C. 

SUPPLIED  BY  A  BUILT-IN  BATTERY  AND 
VIBRATOR  POWER  SUPPLY 


Th*  Mod«l  ilO-l  Is  IdMl  for  olHior  bonch 
or  flold  work.  Oporatos  on  2  soH-containod 
battorios.  NO  EXTERNAL  SOURCE  OF 
CURRENT  IS  REQUIRED. 


FEATURES: 


•NO  HAND  CIANKINO— Hu  MO  Voll  T.it  PoUntial  ii 
mad#  instantly  availabla  by  throwing  tha  front  panal  toggla 
switch. 

*3  RISISTANCE  RANGES— In  addition  to  tha  0  to  200 
Magohm  Ranga  which  is  usad  for  Insulation  Tasting  2  addi< 
tional  lowar  rasistanca  rangas  ara  provided.  Tha  2  lower  resist* 
anca  rangas  are  0  to  20,000  Ohms  and  0  to  2  Megohms. 

*  METER  MOVEMENT— A  41/}"  0  to  200  Microampara  sensi¬ 
tive  mater  guarantees  axtramoly  accurate  readings  on  all 
rangas. 


*  DIRECT  READING — All  calibrations  printed  in  large,  easy- 
to-raad  type  enabling  aiact  determination  of  leakages  from 
0  to  200  Megohms.  In  addition,  tha  Magohm  scale  is  also 
subdivided  into  BAD  (0  to  I  Magohm)  DOUBTFUL  (I  to  3 
Megohms)  GOOD  (3  to  200  Megohms)  sections.  The  BAD 
Section  which  indicates  the  danger  point  is  printed  in  red. 

Model  610-B  comes  housed  in  a  beautiful,  ^ 

hand-rubbed  Oak  cabinet  complete  with  ^ 
cover,  self-contained  batteries,  test  leads  G  Dll 

and  instructions.  Sixe  91/2**  i  >  4". 

Shipping  weight,  16  pounds.  Price 

‘52»' 


Imporfamt:  We  obe  meke  tbe 
Model  *10-1  b  aepecleWy  recoai 
Medel  *10-1  prevides  eiiKtIy  » 
steed  of  beMerbs. 


Model  *10>l  Meg  O  Meter  which  oporetas  oa  110  Velf  *0  Cycle  A.C.  m 
■ended  for  prednetiea  toeNaa  where  predact  arast  Meet  speeMbd  iaselatlea  n 
nae  servbes  da  the  Model  *10^  aacept  that  It  eperetea  ee  110  VeH  A.C. 


Prbe  ef  Medal  *104  cemi 


reef  ia- 
iplete  b 


THE  NEW  MODEL  590 

VOLTAGE  TESTER 

Read*  Like  A 
Tfcereioeieterl  f 

mBk^B^  Aufomafteally  fedleofes — 

e  Whether  the  voltage  110,  220, 

currant  is  A.C.  or  D.  C. 

•  If  fhe  appliance,  motor,  etc.,  con- 
nected  in  the  line  is  "open". 

'  *  Which  leg  is  "grounded". 

Rv'^BBPE^r  e  If  the  frequency  is  25  ur  60  cycles. 

•  If  the  fuse  is  "blown". 

^  e  When  one  side  of  an  appliance 

^1  V  ^  motor  connected  to  the  line 

|.j  ^  under  test  is  "grounded". 

■  ^  I  I  T *  Excessive  leakage  between  a  motor 

**  fl  ll 

y  y  •  Whan  a  three  phase  motor  is  run- 

ning  erratically  due  to  a  "blown" 
fuse. 

No  meter.  No  switching.  No  tip  jacks.  To  use:  aimply 
connect  the  needle  pointed  test  prods  across  any  line 
and  this  truly  versatile  instrument  will  instamtly  indicate 
the  Voltage,  frequency,  type  of  Current,  etc.  Rugged, 
dependable  and  efficient,  this  amazing  electric  tester 
measures  only  I  z  5"  z  I  and  weighs  only  5 
ounces.  Unlike  most  electrical  testing  instruments  which 
necessarily  require  a  great  amount  of  care,  the  Model 
590  is  designed  for  "bang  around"  maintenance  work, 
and  yet  due  to  the  unique  design  it  compares  favorably 
in  sensitivity  with  ezpensive  metered  instruments  in  that 

it  draws  leas  than  1  Milliampere  of  currant.  _ 

MODIL  S90  comas  heusad  la  a  bsastWal  baa^  «  P*  ft  ft 

rubbag,  woadoa  coblaat.  Poaal  b  iit  atchad  G  09 

steal.  Skipping  waigM  2  paands.  Camplata 
with  iastractiaas.  Only 


THE  MODEL  560 

INDUSTRIAL  ANALYZER 


MEASURES: 

A.C.  AND  D.C. 
VOLTAGES  UP  TO 

. 1500  VOLTS 

RESISTANCE  UP 
TO.  .  .2500  OHMS 
A.C.  CURRENT  UP 
TO .  .  30  AMPERES 


FEATURES: 

*  COMPLETELY  PORTABLE— NO  EXTERNAL  SOURCE 
OF  CURRENT  REQUIRED 

•SAME  VOLTAGE  SCALE  USED  FOR  BOTH  A.C. 
AND  D.C. 

•  ALL  CALIBRATIONS  PRINTED  DIRECTLY  ON 
METER.  NO  COMPUTATION  OR  CHARTS. 

SPECIFICATIONS: 

5  A.C.  AND  D.C.  VOLTAGE  RANGES:  0  to  60/150/ 
300/600/1500  Volt* 

2  RESISTANCE  RANGES:  0  to  250  Ohm*  0  to  2500 
Ohms 

A.C.  CURRENT:  UP  TO  30  AMPERES 

MODfL  5*0  INDUSTRIAL  ANALYZIR  canws 

haasad  in  a  baaatHnl,  haad-mbbad  waadaa  Kdb 

eebiaat  camplata  with  eavar,  saH-cairtainad  BU 

‘  battery,  test  leads  oad  lastracHeas.  She  BK 

•</i"  X  7"  X  4V4'‘.  Shipping  weight  7 
paaads . Only 


SUPERIOR  INSTRU^IEIVTS  CO. 

3S7-A  riTETOIV  ST.  NEW  YORIi  7,  N.  Y. 
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QNAN. 


★  Bakelite  Case  and  Cover 

^  ★  Improved,  slotted  groove 

j  ★  Neoprene  Gasket,  positive 

I  seal . . .  waterproof 

★  Phosphorus  bronze  contact 
plates 

★  Better  electrical  characteris¬ 
tics 

★  Easier  to  assemble 

★  Designed  to  conserve 
precious  metals 

■» 

Write  for  samples  and  prices  .  .  .  prompt 
delivery  on  quantity  orders. 


ELECTRICITY 


Resistance  Welding.  Circuit  funda¬ 
mentals  and  operation  of  the  num¬ 
erous  types  of  G-E  electronic  con¬ 
trols  available  to  meet  the  exactin^r 
requirements  of  individual  resis¬ 
tance  welding  processes  and  jobs 
are  covered  in  an  attractive  46-page 
booklet  designated  GET-1170.  Sim¬ 
plified  circuit  diagrams  are  used 
liberally.  For  the  most  part  it  con¬ 
sists  of  reprints  of  six  articles  pre¬ 
viously  published  in  Electronics 
by  General  Electric  engineers. 
These  articles  are:  electronic  weld¬ 
ing  control;  seam  and  pulsation 
welding  controls;  special  welding 
controls;  timers  for  welding  con¬ 
trol;  energy  storage  welding  con¬ 
trols;  servicing  resistance  welding 
controls.  Available  free  from  Gen¬ 
eral  Electric  Co.,  Schenectady,  N.  Y. 


For  Any  Job  Anywhere 


ONAN  GASOLINE  DRIVEN  ELECTRIC  GENERATING  PLANTS  pro- 
ride  electricity  for  many  electronics  lobs,  general  applications,  and 
for  emergency  serrice.  'k  They're  doing  a  war  winning  job  today. 

furnishing  ritol  power  and  light  for  scores  of 
war  tasks  on  aU  the  fighting  fronts,  it  Ratings 
from  350  to  35.000  watts.  50  to  800  cycles.  110 
to  660  Tolts.  A.C.  —  6  to  4000  rolts.  D.C.  Also 
dual  A.C.  —  D.C.  output  types,  it 
_  Your  inquiry  reqardinq  present  or 

post-war  needs  tor  ONAN  Electric 
Generating  Plants  will  get 

ONAN  SONS 

1927  ROYALSTON  AVE. 

MINNEAPOLIS,  MINN. 


Applications  of  Mycalex.  An  eleven- 
page  publication  describing  the  na¬ 
ture,  properties,  advantages  and  ap¬ 
plications  of  compression-molded 
Mycalex  can  be  obtained  from  the 
G.E.  Electronics  Department  at 
Schenectady.  Mycalex  is  a  stone¬ 
like  product  made  from  mineral  in¬ 
gredients  to  meet  exacting  high- 
frequency  insulation  requirements. 
It  is  used  extensively  as  an  insulator 
in  various  types  of  electrical  appar¬ 
atus,  particularly  in  radio,  indus¬ 
trial  control  and  heating  equipment. 

Beryllium  Copper.  Although  this 
“wonder  alloy”  is  a  vital  factor  in 
spring  design,  little  has  been  pub¬ 
lished  on  it.  However,  Instrument 
Specialties  Co.,  Inc.,  Little  Falls, 
New  Jersey,  has  issued  an  interest¬ 
ing  bibliography  of  beryllium  cop¬ 
per  with  explanatory  comments  on 
each  reference.  The  development 
of  the  electronic  micrometer  helped 
make  possible  the  production  of  pre¬ 
cision,  low-drift  beryllium  copper 
springs. 

Army  Contracts.  An  “Army  Pur¬ 
chase  Information  Bulletin”  has 
been  published  by  the  War  Depart¬ 
ment  to  assist  business  men  in  nego¬ 
tiating  contracts  with  the  Army. 
This  pamphlet  contains  lists  of  sup¬ 
plies  and  equipment  generally  pur¬ 
chased.  It  answers  such  vital  ques¬ 
tions  as:  Who  does  the  buying? 
Where  is  he  located  ?  What  does  he 
purchase?  How  are  negotiations 
opened?  Copies  may  be  obtained 
from  Small  War  Plants  Branch, 
Purchases  Division,  Army  Service 
Forces,  Washington,  D.  C. 


Awarded  to  ooch  of  tko  few 
Oon  Manufoctwing  Plonts 


Anyone 

Today,  i 
duaion 
out  any 
The  job 
arms  an 
cinch  fo 
nckled  i 


jit’s  the 
Screw  tl 
I  Phillips 

ator  qui( 
ja  vetera 
wobbly 


ELECTRONICS 


Jaemry  1944 


r  LAST  MONTH  HE  WAS  SANTA 
THE  TOY  STORE '^'l^yHIS 
MONTH  HE  TOOK  &RANVSONS 

fLACE  f- j\  he's  VRIY/NO 

\SCREWS  ^^^l/KE  A  EhYEAR  OLD. 
TOR  THE  RLANT  WHERE  HE  WORKS  USES 
THE  RECESSED  HEAD 
SCREW  ^  THAT  MAKES  \ 


TO  MAKI  WAftTIMi 
QUOTAS  AND 
rEACITlME  FRONTS 


Startinft  Driver  p<Mt 
autometicalty  centers  in  the 
Phillips  Recess  . , .  fits  snugly. 
Funtbling,  wc^ibly  starts,  slant 
driving  are  diminated.  Work 
is  made  troubie^proof  for 
green  hands. 

Faster  Drivingi  Spiral  and 
power  driving  are  made  prac¬ 
tical.  Ikivet  won’t  slip  Irom 
recess  to  spoil  material  or  in> 
)ure  worim.  (Average  time 
saving  is  50%. )  , 

iosier  Orhriitg:  Turning  power 
is  fully  utilized.  Workers 
maintain  speed  without  tiring. 

tetter  Festeeing:  Screws  are 
Set-up  uniformly  tight,  with¬ 
out  burring  or  breaking  of 
screw  heads.  The  lob  is 
stronger,  and  the  oroamental 
recess  adds  to  appearance. 


IDENTITY  ITI 


C*nt*r  eorn*r»  f 
Phiitipe  lacMs  or*  ^ 
roondrd...  ..-^A 
NOT  sqttor*.  "J  J 


BoHem  of  f1«iiiio«j 
!(«*«•*  i*  ftooriy 
tel ... 

NOT  tapeed  tee] 
shore  fwinf. 


PiMril  Msunfortarins  C«..  CSUms.  tit 
a««Siss  S*f*w  Cs..  MrrrisWMi.  Pa. 

RwMii  Borwott  a  Wars  aot  a  N«t  0*..  Port  eiMStw.  U:  Y. 
a««riil  Mwitttsttvfisi  C*.,  Wstrrrto*.  Crea. 
aiiaktsrsst  iw.,  IR. 

tM  aMiSlurN*  HsriMrs  Mtf.  Cs.,  Srotfctsstsa,  Com. 


tntsriMittosat  Srrto  C*..  OrOvit.  Wtstik 
Th«  LsesM  a  a4»$l««<  Co..  CtovoiaoS.  Ohio 
UlitorS  Rivrt  OMt  MscMm  Co.,  MiHorS.  Coos. 
Tko  NotiMioi  Stroo  a  »«•-  Co..  Ct»oo(Mi4.  OSt* 
Ncv  CosImS  Srroio  Co..  Ktooo.  R-  M. 

TIko  CiM^oo  Porfcor  Co.,  HortSos,  Coo*. 


AaoHtM  Strow  Co.,,Pro«ISMOO.  a.  I. 

Tho  triotol  Co.,  WatorSory.  Coon, 

Cootrol  Sofoo  Co.,  Cbiooso.  itt. 

GmoStor  fYoSoot*  Cor*.,  CiovotooS.  Ohio 
CMtIoootOt  Soroot  Co.,  Moor  aoStorS.  Mas*. 
TM  Corliio  Sorow  Core.  Nov  BritUo.  Coon. 


PORTABLE  POWER 

PROBLEMS 


No.  3— U.  S.  Army  Flame  Thrower 


••atACKINO"  A  PILLBOX  or  stopping  a 
tank  or  otherwise  hampering  the  enemy  in 
battle  are  tasks  for  the  portable  flame 
thrower.  Liquid  fire  pours  forth  .  .  .  the 
range  is  formidable  .  .  .  the  degree  of  heat 
terrifying  ...  In  the  operation  of  this  weap¬ 
on,  Burgess  Batteries  provide  the  necessary 
electrical  energy  in  a  compwet,  portable 
package. 


A  QUICK  HOT  SPARK  is 

required  for  the  flame 
thrower’s  ignition  system. 
Burgess  engineers,  years 
earher,  had  met  this  same 
need  with  a  hot-spark  battery  designed 
for  gas-model  airplane  builders.  The  fa- 
moas  battery  {illustrated)  that  served 
in  peacetinoe  has  since  been  drafted  into 
the  unique  war  job  described  above. 


HANDBOOK 

Basic  data,  tabbed  for  ready  reference,  and 
characteristics  of  dry  batteries  for  all  elec¬ 
tronics  aprdicationB.  80-page  manual  for 
help  on  your  dry  battery  problems.  Write 
Dept.  9  for  free  copy.  Burgess  Battery 
Company,  Freeport,  Illinois. 


3URGISS  BATTERIES 


Permanent 

Magnets 

{Continued  from  page  121) 

We  know,  from  our  earlier  dis¬ 
cussion  of  stabilized  magnets,  that 
as  the  demagnetizing  influence  on  a 
magnet  is  decreased,  its  operating 
point  moves  back  toward  the  B  or¬ 
dinate  along  a  minor  hysteresis  loop. 
And  this  is  exactly  what  happens ‘in 
this  case.  As  the  demagnetizing  in¬ 
fluence  upon  the  magnet  is  decreased 
from  the  open-circuit  condition  to  the 
working  gap  condition,  the  operating 
point  moves  up  the  minor  hysteresis 
loop  from  the  point  {B„  H,)  to  the 
point  {B,,  H,)  which  is  the  inter¬ 
section  of  this  loop  with  the  straight 
line  of  Eq.  (10). 

na«l  Oparatiag  Peiat 

The  point  {Bt,  H,)  is  the  flnal  op¬ 
erating  point  of  the  magnet.  As  the 
machine  is  put  into  operation  and  ad¬ 
ditional  magnetizing  and  demagnet¬ 
izing  influences,  due  to  the  current 
in  its  coils,  are  brought  to  bear  upon 
the  magnet,  the  operating  point  will 
oscillate  back  and  forth  along  the 
minor  hysteresis  loop  about  the  point 
{B„  H,).  (The  reader  will  under¬ 
stand  that  the  influences  referred  to 
in  the  previous  sentence  are  not 
steady  and  constant  in  magnitude 
but  are  instead  influences  which  vary 
in  magnitude  with  a  frequency  equal 
to  the  speed  of  the  machine  or  some 
integral  fraction  or  multiple  of  that 
speed.)  The  final  flux  density  in  the 
working  air  ^ap  of  the  machine  may 
be  readily  computed  from  the  magnet 
operating  point  {Bt,  H,)  and  the  fun¬ 
damental  design  equations  for  mag¬ 
nets. 

FIrx  DtHsity  Ir  Air  Gap 

Now,  let  us  set  up  the  analytical 
processes.  The  first  question  is : 
After  the  magnet  is  saturated  and 
removed  from  the  magnetizer,  how 
far  down  the  demagnetization  curve 
does  its  operating  point  travel?  This 
question  is  answered  by  an  empirical 
equation  giving  the  value  of  the 
quantity  B/H  for  an  open-circuited 
magnet  as  a  function  of  the  quantity 
l/D* 

B/H  =  (1.89  -  o)  {l/D  -h  o)'  “  (11) 


•Bq.  (  111  ia  net  accurate  for  verj  amall 
▼alaca  of  l/D.  There  exiata  a  more  compU- 


"AIR-WAY" 

MOTORS 
INVERTERS 
DYNAMOTORS 

OPEN  FACILITIES 

. . .  for  precision  manufacture  of  frac¬ 
tional  horsepower  motors  up  to 
1/4  H.P.,  inrerters,  dynamotors,  single 
two  and  three  commutator  armatures 
and  coil  winding. 

AIR-WAY,  known  for  its  23  years’ 
experience  in  precision  manufacture 
of  electrical  equipment,  is  now  en¬ 
gaged  in  intensive  production  for  air¬ 
craft,  radio  and  other  war  industries. 
Highly  developed  engineering  and 
production  facilities  available  now 
for  additional  war  applications. 

Write,  wire  or  telephone  Joseph  H. 
Nuffer,  President. 

AIR  WAY  ELECTRIC  APPLIANCE  CORP. 


2102  Auburn  Avonuo 
Toledo,  Ohio 


Dials,  Poptels,  Gauges 
by  the  SILK 

SCREEN 

METHOD 

A  PROVED,  eeonomieal  method 
requiring  NO  machinery  . .  .  and 
highly  satisfactory  for  quanti- 
tiea  from  10  to  10,000  impres¬ 
sions.  Reproduces  fine  numerals, 
lettering,  designs  CLEANLY 
and  ACCURAT^Y.  Send  copy 
or  blueprint  for  estimate  and 
full  detaik. 

SILK  SCREEN  SUPPLIES,  INC. 

33  LAFAYETTl  AYE. 

■  ROOKLYN,  N.  Y. 
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^  iSRY  QUAKmil$-“AHY  MITAl  —  ANY  SIZE  — ANY  FINISH 


com. 

124  SOth  STRUT  .  BROOKLTN  31,  H.  Y. 


BUY  MOBS  WAB  BONDS 


More  them  just  sheet  steel  specialists,  ours  is  on  organiza¬ 
tion  where  top  emphasis  is  placed  upon  the  men  and 
women  responsible  for  designing  and  building  our  prod¬ 
ucts.  Working  os  a  team,  orer  a  long  stretch  of  years, 
we've  welded  together  a  fine  group  of  exacting,  conscien¬ 
tious  artisans,  supplemented  by  skilled  replacements  and 
additions  due  to  the  war. 


We  build  cabinets,  chassis,  panels  and  racks  for  diversi¬ 
fied  electronic  equipment  . . .  quiddy,  precisely,  econom- 
icoUy.  The  himdreds  of  different  dies  available  will  reduce 
the  cost  of  the  dies  needed  on  yoiur  fob  and  may,  in  many 
instances,  eliminate  die-cost  entirely.  Because  of  these 
unique  facilities,  we  manufacture  to  required  specifica¬ 
tions  at  the  lowest  possible  cost  Moreover,  we'll  go  over 
your  plans  with  you . . .  moke  recommendations  if  they 
con  be  helpful . . .  suggest  means  of  expediting  deliveries. 
Briefly,  ours  Is  on  extra  pair  of  hands . . .  offered  willingly 
as  part  of  o  firmly-established  policy  jof  unselfish  service 
to  our  clients. 


The  services  of  a  Korp  engineer  are  avail¬ 
able  for  a  discxission  of  your  problems. 
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GLENN-ROBERTS  COMPANY 

1009  FRUITVALE  AVENUE  2107  ADAMS  STREET 

OAKLAND,  CALIFORNIA  !  INDIANAPOLIS,  INDIANA 


cated  eqaatlon  which  U  accnrate  cTcn  at  amall 
valaea  of  the  argument,  but  because  of  the 
greater  eimplicity  of  Bq.  (11)  and  because  It 
is  accurate  at  practical  values  of  I/D,  It  Is  to 
be  preferred.  Bq.  (11)  is  for  straight  mag¬ 
nets.  It  may  be  used  with  fair  accuracy  for 
four  pole  rotors  but  a  connection  factor  is 
necessary  if  it  is  to  be  used  in  connection 
aith  horseshoe  magnets. 

where  I  =  mean  length  of  magnet 
along  path  of  magnet¬ 
ization. 

*  D  =  effective  diameter  of 
magnet  =  2  y/Area  of 
Magnet/K 

a  =  alloy  constant  as  defined 
by  Eq.  (9) 

From  the  above  equation,  together 
with  a  demagnetization  curve  for  the 
alloy  we  are  using,  we  can  determine 
the  point  (B„  H,)  of  Fig.  8. 

We  now  have  everything  we  need 
to  determine  the  point  (B„  Hi)  if  we 
but  have  the  slope  of  the  minor  hys¬ 
teresis  loop  connecting  the  two 
points.  Minor  hysteresis  loops  some¬ 
times  accompany  demagnetization 
curves  of  standard  alloys  but,  in  gen¬ 
eral,  technical  publicity  on  perma¬ 
nent  magnets  disregards  them  en¬ 
tirely,  and  the  information  is  often 
difficult  to  obtain. 

The  author  discovered  several 
years  back,  however,  that,  although 
the  slopes  of  the  minor  hysteresis 
loops  connected  with  any  one  de¬ 
magnetization  curve  vary  as  a  func¬ 
tion  of  the  point  on  the  curve  at 
which  they  originate,  all  of  them  are 
very  closely  approximated  by  the 
slope  of  the  demagnetization  curve 
itself  at  the  point  Br.  This  means, 
then,  that  we  may  obtain  very  easily 
the  slope  of  a  minor  hysteresis  loop 
for  any  demagnetization  curve  in 
terms  of  the  J?„  H,  and  a  for  that 
particular  curve.  Referring  to  Eq. 
(8)  and  differentiating  B  with  re¬ 
spect  to  H,  we  get: 
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SPECIAL  BY 
PR06HESSIVE 


Aik  ior  dnigi  kdp. 
Item  illnitiated  ii  a 
"special,"  of  iHiiA  no 
tampiei  are  arailaUe. 


CRESSIVE 


50  NORWOOD  ST. 
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Setting  H  =  0  in  the  above  equa¬ 
tion,  we  get  the  slope  of  the  demag¬ 
netization  curve  at  B,  and  conse¬ 
quently  the  slope  of  the  minor  hys¬ 
teresis  loops  connected  with  that  par¬ 
ticular  demagnetization  curve : 


LONG  MANUFACTURED  as  integral  parts  of  famous  G-R 
Welders,  electrical  and  electronic  components  by  Glenn- 
Roberts  are  now  available  to  the  industry.^ 

Your  specifications  are  invited  for  prodliction  runs  of  oil  and 
wax  type  capadtors,  pneumatic  timers,  a.  c  solenoid -type 
relays,  power  and  radio  transformers. 

ILICTRONICS  DIVISION 


It  is  to  be  noted  that  the  slope  m  in 
the  above  equation  is  negative  even 
though  in  the  ordinary  convention  a 
minor  hysteresis  loop  has  a  positive 
elope.  This,  of  course,  is  due  to  the 
fact  that  for  convenience  we  have 
reversed  the  convention  and  are 
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hU^lU  *Jodcuf 

S«acl  for  oonpUt*  data  giTiag 
phyalcaf  propartlat  oi  Acadia 
Polyatyraaa,  plna  a  table  oi 
■pacificationa  on  ita  aloetrlcal 
propartiaa. 

Acadia  Styraloy 

Flaaibla  at  — 100**F  and  haa 
many  oi  tba  alaetrteal  prop* 
aitiaa  oi  Polyatyrana.  Ideal  ior 
nnmaioua  alaotrieal  appUca- 
tioaa.  Write  ior  iniormation  on 
forma  now  aTallabla,  and  data 
on  phyaioal  and  electrical 
propartiaa. 


#  Acadia  Polyatyrana  is  an  outstanding  plastic  Com  plats  datails  ara  ayailabla  on  raquast— 
for  tba  alactrical  hald,  offaring  an  unusu^  com*  for  quick  rafaranca  soma  of  Polystyrana's  out* 
bination  of  highly  dasirabla  alactrical  propar*  standing  yaluas  ara  givan  hara : 
tias.  Dialactric  strangth  and  powsr  factor  offar  _  ,  ^ 

a  farorabla  comparison  with  tha  alactrical  Di«l«ctnc  Constant 

strangth  of  caramics  and  mica,  and  a  consider*  „  —  -  *  - . V,?'®  ^  ^  ** 

abla  adaantaga  ovar  other  commercial  plastics.  Factor,  60  cycles . 0^1  to  .^3 


Consider  also  these  Taluas:  zero  water  ab* 
sorption;  ralatiya  freedom  from  adverse  affects 
by  acids,  alkalies,  alcohol,  stack  gases,  weather,, 
etc;  an  excellent  dielectric  constant  value,  and 
high  tensile  strangth  of  3500  to  5000  lbs.  par 


103  cycles _ .0001  to  .0003 

10^  cycles _ .0001  to  .0008 

Dialactric  Strength,  Volts/ Mil  Vg"  thickness 
Short  time  500  to  700 
Step  by  step  450  to  600 


sq.  in.  Add  to  these  Acadia's  wide  axparianca  Volume  Resistivity,  ohms  ems....  10'7  to  lOW 

in  tha  plastics  field,  and  you  have  tha  reasons  Heat  Resistance - 150®F  to  175®F 

why  Acadia  Polyst^ana  merits  your  invasti*  Softening  Point - 190“F  to  250®F 

gation.  Specific  Gravity _ 1.05 
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AIRCRAFT  &  DIESEL 


EQUIPMENT  CORPORATION 


4401  North  Ravpntwood  Avenu*, 


Chicago  40,  Illinois 


Your  Partners  in  Production 


treating  H,  and  H  in  general  as  posi¬ 
tive  rather  than  negative  values. 

It  is  now  possible  to  write  the 
straight-line  equation  for  the  minor 
hysteresis  loop  connecting  the 
points  H,)  and  (B„  H,)  of 

Fig.  3: 

B  ~  H)  (14) 

where  m  is  as  defined  in  Eq.  (13). 

The  final  operating  point, 
of  the  magnet  may  be  determined  by 
the  simultaneous  solution  of  Eq.  (10) 
and  (14).  Performing  this  opera¬ 
tion,  we  get 


forPost-wai 

Production 


FA,U  fA,l, 

From  the  above  and  either  one  of  the 
two  fundamental  design  equations, 
namely  F  B,  A,  —  and  /  B,  I, 

=  we  obtain  the  gap  flux 

density : 


Thus  the  problem — given  the  mag¬ 
neto  and  the  magnet,  determine  the 
flux  density  in  the  working  air  gap — 
is  solved.  This  problem  was  deliber¬ 
ately  chosen  first  because  the  steps 
of  its  solution  and  the  actual  work¬ 
ings  of  the  physical  entities  involved 
have  a  chronological  parallelism 
which  enhances  the  understanding  of 
both. 


m  FABRICATION 
OF  PRECISION  PARTS 


and  ASSURBLIIS 


Here  is  a  dependable 
source  of  supply  with 
the  experience,  en¬ 
gineering  skill  and 
complete  facilities  for 
all  types  of  close  tol¬ 
erance  production. 


Piadiaq  Sin  of  MogHct 

Although  presented  first,  the  pre¬ 
ceding  problem  for  obvious  reasons 
is  by  no  means  so  important  as  the 
problem — given  the  magneto  and 
the  required  gap  flux  density,  deter¬ 
mine  the  size  of  the  magnet.  At  first 
glance  it  may  seem  silly  to  make’ a 
special  problem  out  of  a  case  involv¬ 
ing  three  general  factors  when  the 
only  change  is  between  the  depend¬ 
ency  and  independency  of  the  factors. 
But  further  thought  will  reveal  that 
when  the  size  of  the  magnet  is  the 
required  factor,  it  is  really  two  fac¬ 
tors,  the  length  and  the  area  of  the 
magnet,  that  are  required.  As  a  con¬ 
sequence,  to  obtain  a  unique  solu¬ 
tion  to  the  problem,  we  must  impose 
one  more  condition. 

The  first  problem  may  be  broken 
down  to  its  essentials  in  the  follow- 
given  L,  A„,  l„  Af,  F,  f. 


mg  way 

Br,  Hr,  and  a,  determine  B,.  With 
these  specifications  there  is  no  con¬ 
trol  over  the  point  {B,,  H,)  and  it 
lands  wherever  it  happens  to  land. 
Now,  since  it  is  necessary  to  add  a 


Terminal’s  lorge,  rotating 
stock  ...  its  able  stall  ol  experi¬ 
enced  men  ...  its  thorough  know¬ 
ledge  ol  production  problems  .  .  . 
all  add  up  to  on  ability  to  FILL,  os 
well  os  take,  priority  orders  —  on 
schedule. 

For  complete  catalog  listing  all  lines, 

write — ond  lor  oil 
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Model  Makers 

WANTED 


Important  New  York  manu¬ 
facturer  of  Electro-Mechan¬ 
ical  Devices  seeks  highly 
skilled  Model  Makers  with 
ingenuity  and  experience  in 
making  small  precision  elec¬ 
tro  -  mechanical  devices  by 
hand.  Design  experience 
helpful.  Apprentices  need 
not  opply. 

To  such  men  we  oher  an  excep¬ 
tional  opportunity,  for  now  and 
in  the  Poet-War  period. 


SALARY  HIGH 


Cooperation  and  Working  Condi' 
lions  splendid. 


Please  address  inquiries  to 


Box  ELM  Room  1107 
67  W.  44th  St.,  New  York  City  18 
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EDGE  VIEW  OE  0.00075-INCH 
NICKEl  STRIP 


EDGE  VIEW  OE  A  PAGE 
FROM  THIS  magazine 


magnified  approx.  25  TIMES 


HThey  wanted  wire,  tube 
and  sheet  in 


...and  found  the  strong, 
resistant  metals  they 
among  the  Inco  Nickel  Alloys 


NiCKU  MIOY  wm 


SOU 


Do  you  want ...  in  addition  to  the  split-hair  size 
...metals  with  strength,  toughness  and  high  resis¬ 
tance  to  corrosion? 

Then  take  a  look  at  these  examples  of  how  iNCO 
Nickel  Alloys  can  be  produced  in  practically  any 
form  or  size  you  may  want  for  applications  that  need 
a  rustless  corrosion-resisting  material  with  high  me¬ 
chanical  properties . . . 

THE  WIRE  shown  in  the  magnified  photo  above 
knotted  around  two  strands  of  human  hair  is  0.0009" 
thick.  A  pound  would  stretch  80  miles.  It  is  a  regular 
commercial  product  of  the  Driver-Harris  Co. 

THE  TUBING,  smallest  ever  drawn,  is  compared 
with  a  mosquito’s  stinger.  Outside  diameter  of  this 
nickel  tube  is  0.0019";  inside  diameter,  0.0004". 
Superior  Tube  Company  produces  commercial  tub¬ 
ing  in  Inco  Nickel  Alloys  as  small  as  0.010",  outside 
diameter. 

THE  STRIP  is  .00075"  thick  .  .  .  one-third  the 
thickness  of  this  page.  It  would  take  more  than  1300 
strips  to  equal  an  inch.  This  nickel  strip  is  made  by 
Somers  Brass  Company  for  regular  commercial  use. 


In  addition  to  their  group  properties  of  high  strength, 
toughness  and  corrosion  resistance,  individual  iNCO 
Nickel  Alloys  have  apecialized  properties  for  appli¬ 
cations  requiring  high-temperature  strength,  special 
hardness,  resilience,  etc. 

“Tremendous  Trifles”  a  booklet  which  discusses 
the  properties,  sizes  and  forms  of  8  iNCO  Nickel 
Alloys  will  be  sent  to  you  on  request.  Please  give 
Company,  Name  and  Title.  Address: 

THE  INTERNATIONAL  NICKEL  COMPANY  INC. 
67  Wall  Street,  New  York  5,  N.  Y. 


INCO  NICKEL  ALLOYS 


MONEL  •  “K”  MONEL  •  “S”  MONEL  •  “R”  MONEL 
“KR”  MONEL  •  INCONEL  •  “Z”  NICKEL  •  NICKEL 
Sh— t ...  Strip .. .  Itod  ...Tubing  ...WIf ...  CmuUngn 
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further  condition  to  the  already  es¬ 
tablished  requirements  of  our  sec¬ 
ond  problem,  what  more  natural  re¬ 
quirement  could  we  choose  than  that 
of  working  the  magnet  material  at 
its  best  possible  efficiency  under  the 
circumstances — or,  in  other  words, 
at  the  highest  possible  value  of  the 
product  Bi  Ht’t  The  essentials  of  the 
second  problem  now  become — given 
A„  F,  f,  Br,  He,  and  a,  and  the  re¬ 
quirement  that  the  magnet  be  the 
smallest  possible  and  still  fulfill  all 
other  conditions,  determine  1.  and 


Obviously,  we  are  in  full  position 
to  solve  this  problem  as  soon  as  we 
have  converted  the  efficiency  require¬ 
ment  to  a  specific  equation  which  we 
may  solve  in  conjunction  with  our 
others.  This  may  be  done  fairly 
simply. 

Referring  to  Fig.  4,  we  see  that  the 
final  magnet  operating  point  {B,, 
Hi)  must  lie  on  some  minor  demag¬ 
netization  curve  such  as  B',  H\. 
This  would  be  the  demagnetization 
curve  obtained  if  initially  the  mag¬ 
net  material  were  not  saturated.  Ob¬ 
viously,  an  infinite  number  of  such 
curves  lie  between  the  demagnetiza¬ 
tion  curve  itself  and  the  origin,  and 
(B„  Hi)  must  lie  on  one  of  them. 

[  The  curve  B'M'e  has  accompanying 
it  an  energy  product  curve,  and  it  is 
our  job  to  make  sure  that  the  point 
(B,,  H,)  coincides  with  the  point  of 
maximum  energy  product  of  B'rH\. 
Since  B'rH',  is  a  proportionately  re¬ 
duced  curve,  we  may  write: 

B’,/3,  -  or  B'r/W,  -  Br/H. 

We  know  from  Eq.  (7)  that  if  iB„ 
H,)  be  located  at  the  maximum  en¬ 
ergy  product  point,  then 

B,/B'.  -  H./H\  or  B\/H',  -  B,/H, 
Consequently, 

B,/H,  -  B,/H.  (17) 

This,  then,  is  the  one  additional 
necessary  condition  to  the  solution  of 
the  second  problem,  and  we  find  our¬ 
selves  armed  with  six  equations  (Eq. 
3,  11,  16,  17  and  two  in  16)  to  deter¬ 
mine  four  incidental  unknowns 
(B„  H„  B,  and  H,)  plus  the  two  de¬ 
sired  unknowns  (L  and  A.). 


^  -  -  a  s3monym  tor 

engineering  ski! 

For  over  twenty  years  the  name  of 
ERWOOD  has  stood  for  high  standards 
in  the  engineering  field. 

After  Victory— this  well  experienced  or¬ 
ganization  will  be  available  lor  the 
solution  oi  YOUR  problems. 


FORCED  DRAFT  is  but  on*  of  th*  innumorabi*  applications  for 
thas*  dapandabla,  low-cost  Blowers.  Others  include:  Air  Dittribufion 
in  Rafrigaration  Systems;  Exhautfiog  fumas  or  gases;  Cooling  for 
Radio  or  Elactronic  equipment;  Hoofing,  Drying,  etc.  Available  in 
Ero  standard  sixes— output  ranging  from  49  to  162  C.F.M.  Special 
Bloweft  with  custom-built  Pilot  Motors  from  1 2  to  200  C.F.M.  output. 

Complete  information  on  request.  Write  today! 

F.  A.  SMITH  MFG.  CO^  801  DAVIS  ST.,  ROCHESTER.  N.  Y. 


SEVEN  SIMULTANEOUS  dimen¬ 
sional  inspections  on  machine  gun 
buUets  at  the  rate  of  9S  bullets  per 
minute  is  reported  by  one  ordnance 
plant  for  a  phototube  machine  made 
by  Electric  Eye  Equipment  Co.,  Dan¬ 
ville,  III 
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•  B.  I.  W.  Coaxial  Cable  is  used  in  connection 
with  important  television  stations.  Some  of  the 
first  television  camera  cables  made  are  tbe  product 
of  B.  I.  W. 

Coaxial  cables  and  B.  I.  W.  special  purpose 
multiple  conductor  cables  are  today  playine  im¬ 
portant  parts  in  winning  the  war.  Tney  will  be 
available  to  broadcasting  stations  and  manufac- 
nirers  in  the  electronic  industry  when  the  war 
is  won. 

B.  1.  W.  Standard  Cables,  featured  in  the  descrip¬ 
tion  and  table  on  this  page,  may  be  modified  as  to 
size  of  conductor  and  type  of  over-all  covering. 
However,  see  how  closely  the  detailed  specifica¬ 
tions  of  the  Standard  Cables  may  meet  your  pros¬ 
pective  requirements. 


Mnto  by  covrtwy  of  Natlonol  Breadcoslfn$  Co. 

I  Multiple  Cenductor  Cablet  — 
ITe  MoJk*  a  practice  of  com- 
bimimg  CO-X  cables  into  multi- 
conductor  cables  with  tbe 
Prop^  number  of  control  and 
lighting  circssits  required  for 
high  frequency  apparatsu. 


TYK  C0-X-1A-CC  —  Small  flexible  cable  insulated  with  poly¬ 
styrene  cup-shaped  beads,  covered  with  hlack  cotton 
braid  with  white  tracer,  coated  with  lacquer. 

TYFI  C0-X-2A-WP — Flexible  cable  insulated  with  poly-styrene 
cup-shaped  beads,  covered  with  double  cotton  braid  sat¬ 
urated  and  finished  with  moisture-proof  compound. 

TYK  C0-X-2I-XS  —  Weatherproof  and  high  heat  resisting 
cable  insulated  with  non-melting  steatite  cup-shaped 
beads,  covered  with  synthetic  rubber  sheath. 

TYK  C0-X-2R-tS — Extra  flexible  weatherproof  cable  insu- 
I  lated  with  low-loss  rubber  compound  covered  with  syn¬ 
thetic  rubber  sheath. 

TYK  C0-X-2R-RS  ARMORED  —  Same  cable  as  above  covered 
with  synthetic  rubber  sbeath  and  badtet  weave  steel 
armor  braid. 

TYK  CO-X- 2S- VS  —  General  purpose  cable  insulated  with 
low-loss  synthetic  insulating  dielectric  covered  with*  wa¬ 
terproof  synthetic  sheath. 

Writ*  us  regarding  your  probable 
pott-war  requirements. 


Yyp«  C0-X-4A-WP  -  Very  low- 
loss  cable  insulated  with  spe¬ 
cial  cup-shaped  beads  oi 
styramic  compound,  with  black 
lacquered  cotton  braid  cov¬ 
ering. 


Yyp*  C0-X-2C-WP-5m4//  extra 
flexible  low-cost  cable  with 
fabricated  low-loss  insulation, 
covered  with  water-proof  syn¬ 
thetic  tape  and  cotton  braid 
smoothly  finished  with  flex¬ 
ible  flame-proof  lacquer. 


CO-X  cabfaa  or*  covond  by  patents  or  patent  applieatians. 


Electrical  Characteristics  of  BIW  Standard  Coaxial  Cables 


CkoractsrlUlc 

Impsdonco 

Ohm* 


Capacity 

MMf/Ft. 


ShsoT 

Cendwetar 


Oiomatar 

Cobla 


Boston  Insulated  Wire 
AND  Cable  Co. 

61  BAY  STREET 


BOSTON,  MASS 
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Croffsmolisfcfp,  liidvsfriovs- 
!!•$«  ond  progrestlv«ii«ss 

are  qualities  which  .  have 
long  - characterized  ABBOTT 
and  ABBOTT  products.  Our 
work  in  the  post,  ond  the 
transmitters  and  receivers 
that  we  are  producing  today, 
ore  indicative  of  these  troits. 
As  for  the  future,  we  can  say 
little  with  certainty,  except¬ 
ing  that  in  whatever  equip¬ 
ment  we  may  montifacture 
ofter  the  wor  these  same 
attributes  will  persist 


Typical  oi  our  products  incor¬ 
porating  ABBOTT  ATTRIBUTES 
U  tho  ABBOTT  Modol  TR.4  .  . . 
a  standard,  compact  and  offi- 
ciont  ultra-high-froquoncy 
transmitter  and  roceiver. 


8  West  18th  St.  NewYorkO.N. Y. 


Transmission  Line  Calculator. 


of  the  rate  at  which  the  impedance 
locus  spirals  in  or  out. 

The  starting  point  for  this  non¬ 
linear  scale  must  be  capable  of  being 
set  at  any  impedance  point  on  the 
coordinates.  Also,  the  scale  must  be 
capable  of  measuring  attenuation  in 
either  direction  from  the  starting 
'  point  depending  upon  whether  con¬ 
ditions  are  to  be  observed  in  a  direc¬ 
tion  from  an  initial  starting  point 
“toward  the  load”  or  “toward  the 
,  generator”.  To  accomplish  this  the 
;  scale  is  laid  out  without  markings,  in 
:  1-db  steps.  Thus,  to  take  into  ac- 
i  count  an  attenuation  of  say  3  db  it 
I  is  necessary  to  count  off  three  1-db 
intervals  in  the  proper  direction 
along  the  attenuation  scale  from 
whatever  starting  point  may  have 
existed,  before  reading  the  answer 
on  the  impedance  coordinates.  The 
proper  direction  to  go  in  correcting 
the  impedance  for  attenuation  of  the 
line  is  indicated  upon  the  attenuation 
scale  itself. 


Standiag  Wav*  Lets  Ce*fliei**t 


(Continued  from  page  13.‘:) 


holds  closely  for  any  fractional  pat  t 
of  a  half  wavelength.  In  this  special 
case,  when  moving  along  the  line,  the 
change  in  copper  loss  due  to  the 
standing  current  wave  is  approxi¬ 
mately  compensated  by  an  equal  and 
opposite  change  in  dielectric  or  leak¬ 
age  due  to  the  reversed  sloiJe  of  the 
voltage  wave,  resulting  in  a  substan¬ 
tially  uniform  increase  in  loss  for 
any  fractional  part  of  a  half  wave¬ 
length.  If,  due  to  attenuation,  the 
standing  wave  ratio  and  consequently 
the  standing  wave  loss  coefficient 
change  in  moving  along  the  line,  for 
example  several  wavelengths,  then  the 
increased  loss  for  the  entire  line  sec¬ 
tion  traversed  lies  between  the  co¬ 
efficient  limits  indicated  at  each  end. 


R*f*ctieN  Lott  (or  Gaia) 


The  “reflection  loss”  may  be  de¬ 
rived  from  the  reflection  coefficient 
(k),  which  as  described  is  the  ratio 
of  reflected  to  incident  voltage.  The 
reflection  loss  in  decibels  is 


db  »  logit  10 


P  •»...» 


(3) 


The  scale  along  the  radial  arm 
labeled  “S.W.  Loss  Coef.”  shows  the 
additional  copper  or  dielectric  loss 
due  to  the  presence  of  standing 
waves  in  the  vicinity  of  the  standing 
wave  measurement.  This  added  loss 
coefficient,  which  multiplies  the  cal¬ 
culated  loss  in  decibels  for  a  matched 
line,  does  not  affect  the  line  imped¬ 
ance.  This  added  dissipation  within 
the  line  is  caused  by  the  fact  that  the 
line  conducts  more  average  current 
and  is  required  to  withstand  more 
average  voltage  for  a  given  trans¬ 
mitted  power  when  standing  waves 
are  present  than  would  normally  be 
the  case  if  the  line  were  properly 
matched. 

Since  copper  losses  at  any  point 
are  proportional  to  the  square  of  the 
current  and  dielectric  losses  or  leak¬ 
age  losses  are  proportional  to  the 
square  of  the  voltage,  the  percentage 
increment  in  losses  applies  equally 
to  either  type  of  loss.  This  loss  coeffi¬ 
cient  refers  more  accurately  to  the 
increase  in  losses  over  a  half  wave¬ 
length  of  transmission  line  in  the 
immediate  vicinity  of  the  standing 
wave  measurement.  In  cases  where 
the  copper  and  dielectric  or  leakage 
losses  are  approximately  equal  it 


P  imtUtml 

The  absorbed  power  is  proportional 
to  the  square  of  the  incident  voltage 
(V,*)  minus  the  square  of  the  re¬ 
flected  voltage  ( Vj,)*  and  the  incident 
power  is  proportional  to  the  square 
of  the  incident  voltage  (V,*).  There¬ 
fore 


db  =  10  logia  - 


(4) 


Typ«  JS  %r 
bgik-in  iwr 


F/* 

-  lOlof,,!  -  (6) 

-  10  log..  (1  -  fc*)  (6) 

If  the  attenuation  of  the  line  is 

negligible,  the  “reflection  loss”  does 
not  represent  an  actual  loss  of  power, 
for  if  an  impedance  match  is  made 
at  the  sending  end  of  the  transmis¬ 
sion  line  with  the  generator,  a  “re¬ 
flection  gain”  takes  place  which 
neutralizes  the  “loss”  at  the  load  end. 
When  the  attenuation  is  not  negli¬ 
gible,  the  reflection  loss  at  the  input 
(which  actually  represents  an  equiv¬ 
alent  reflection  gain  when  the  input 
impedance  to  the  line  is  matched  to 
the  generator  impedance)  will  be  less 
than  the  reflection  loss  at  the  load. 
This  difference  between  the  reflection 
loss,  which  can  be  read  on  the  radial 
arm  of  the  calculator,  at  the  two  ends 
of  the  line  represents  an  additional 
dissipation  loss  within  the  line  itself  | 
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Typo  JS  Irodloyomolor  with  o 
bvik-in  iwHch. 


—  er  triple  cenitruction  to  nt 
any  control  need. 


TO  rosistor  olomont  in  Allon-Rrodloy  Type  J  Eradloyomotors 
hat  substanNal  thicknoM  (approximately  1/32-inch  thick),  and 
in  this  respect  differs  from  the  Dim,  paint,  or  spray  type  var¬ 
iable  resistors.  The  Allen-Eradley  variable  resistor  is  molded  os  a 
single  unit  with  the  insulation,  terminals,  face  plate,  and  threaded 
bushing.  This  simple  construction  does  away  with  rivets,  welded 
or  soldered  connections,  and  unreliable  conducting  paints.  The 
Allen-Bradley  type  of  variable  resistor  will  prove  reliable  under 
all  extremes  of  service  conditions. 


Iradleyometori  may  be  used 
■mply  or  assembled  for  dual 


During  manufacture,  the  resistor  element  may  be  varied  through¬ 
out  the  length  of  the  element  to  provide  practically  any  resistance- 
.‘urve.  Once  the  unit  has  been  molded,  its  performance 
is  '■  effected  by  heat,  cold,  moisture,  or  hard  use.  It  not  only  is 
•  emorkably  quiet  when  first  manufoctured  but  gets  even  better 
with  age. 

Bradleyometers  ore  the  only  continuously  adjustable  composi¬ 
tion  resistors  having  a  two-watt  rating  with  o  good  safety  factor. 
The  Allen-Bradley  Brodleyometer  is  the  only  commerciol  type 
variable  resistor  that  will  consistently  stand  up  under  the  Army- 
Navy  AN-OQ-S9I  salt  spray  test.  Write  for  specifications. 

Allen-Bradley  Company,  110  W.  Greenfield  Ave. 

Milwaukee  4,  Wisconsin 


Brodlayunilt  or* 
*1  molded,  tiled  re- 

I  (istort  witb  lead 

I  wires  embedded 

I  in  homogeneous 

I  resistor  material. 

I  They  will  sustain 

on  overload  of 
PI  ten  limes  rating 

for  a  considerable 
Hp  periodof  time  with 

out  failing.  No  spe¬ 
cial  wax  impreg¬ 
nation  is  necessary 
to  pass  the  salt 
water  immersion 
test.  Available  in 
^  standard  RMA 

values  from  10 
I  ohms  to  10  meg- 

ohms  in  both  the 
1$  WATT  insuioled  ond  non- 
Insulated  types. 


ILMUNT  ACTUAL  SIZE 


ALLEf9-BR>^DLEY 

FIXED  &  VARIABLE  RADW  RESISTORS 
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which  is  caused  by  the  increased 
average  current  and  voltage. 


StaBdia9  Wav*  Ratio 

The  standing  wave  ratio  (SWR) 
is  expressed  as  a  number  greater 
than  1.0.  The  position  of  the  stand¬ 
ing  wave  along  the  line  is  significant 
and  it  is  important  to  remember  in 
using  the  calculator  that  it  is  always 
at  a  current  maximum  point  that 
the  impedance  is  a  minimum  and 
“real",  i.e.,  the  current  maximum 
point  always  falls  along  the  R/Z,  axis 
(when  Z,  is  real)  at  a  point  between 
0  and  1.0. 

Likewise,  it  is  important  to  re¬ 
member  that  the  current  minimum 
point  always  falls  along  the  R/Z,  axis 
at  a  point  between  1.0  and  oo.  The 
voltage  standing  wave  is  always  posi¬ 
tioned  just  a  quarter  wavelength 
along  the  line  either  side  of  the  posi¬ 
tion  of  the  current  standing  wave, 
so  that  a  voltage  minimum  point  on 
the  wave  will  always  coincide  in 
position  with  a  current  maximum 
point  and  likewise  a  voltage  maxi¬ 
mum  point  will  always  coincide  in 
position  with  a  current  minimum 
point 

Thus,  the  relative  position  between 
impedance  and  current  distribution 
(standing  waves)  is  most  conveni¬ 
ently  referred  to  these  pure  resist¬ 
ances  or  real  impedance  positions 
along  the  R/Z,  axis,  and  standinf 
wave  measurements  are  made  with 
respect  to  these  points  along  the  line 

A  given  standing  wave  ratio 
uniquely  defines  the  locus  of  imped¬ 
ances  encountered  along  a  uniform 
transmission  line  when  the  latter  has 
negligible  attenuation.  To  determine 
this  locus  the  slider  along  the  radial 
arm  is  set  to  coincide  with  the  known 
standing  wave. ratio.  The  impedance 
locus  then  appears  at  the  intersection 
of  the  cross-hair  index  when  the  arm 
is  swung  around  through  one  com¬ 
plete  revolution.  The  passage  of  this 
intersection  point  once  around  the 
calculator  is  equivalent  to  moving 
one-half  wavelength  along  the  trans¬ 
mission  line,  and  it  is  thus  seen  that 
the  impedance  circle  locus  closes 
upon  itself  and  then  repeats  for  any 
two  points  a  half  wavelength  apart 
and  greater.  The  impedance  locus 
passes  through  the  resistance  axis 
twice  in  one  revolution  of  the  arm 
about  the  coordinates,  at  which  two 
positions  the  impedance  is  maximum 
and  minimum  respectively  and,  as 
described,  the  current  and  voltage, 


106  PA  REGULATED 
POWER  SUPPLY 


200  Volt 
to 
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RANGE 


A  PRECISION  INSTRUMENT 
FOR  LABORATORY  D.C.  SOURCE 


WE  SPEAK  OF  GREAT  MEN  BY  SAYING 


and  by  earring  a  mountain  side  we  seek  nor  need  they.  On  your  post  war  produc- 
to  keep  their  memory  fresh  for  all  time,  tion  let  marking  with  MARKEM  equip- 
Truly  tiiey  hare  made  their  mark  and  by  ment  and  compounds  be  your  guide  to 
marking  in  enduring  stone  we  gire  the  speed,  accuracy  and  economy.  Any  ma> 
term  a  literal  meaning.  Marking  has  been  terial,  any  surface  and  any  shape  —  can 
of  major  importance  throughout  the  his-  be  marked  durably,  legibly  and  at  pro- 
tory  of  mankind  —  just  as  marking  today  duction  speeds. 

plays  a  p^  in  modem  industry.  By  a  Markiag"- 

^ple  system  of  part  marhng,  workers  of  „  ^  Marking  by  Markam. 

lumted  skill  on  assembly  lines  place  each 
part  in  its  place  with  unrarying  accuracy. 

Of  whys  and  wherefores  they  know  not  — 


ID»4TIHES,  INFORMS, 
INSTRUCTS, 

GUIDES  ASSEMfllY, 
EXPEDITES  MOVEMENT, 
FACiJTATES  WVBNTORY 


(by  MarkeM) 
means  more 
than  you  think 
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DESIGNS  FOR  TOMORROW 

CALI  FOR  MOTOR  DESIGN  TODAY 


War  requirements  have  accelwated  the  progress  of  electronic  equip¬ 
ment  and  opened  broad  fields  for  peace-time  products.  True,  much 
of  the  present  ^equipment  will  be  readily  adaptable  for  post-war 
use  but  much  more  is  being  and  will  be  designed  to  meet  varied 
applications,  t 

Now,  while  the  electronic  equipment  for  tomorrow  is  in  the  design 
stages  is  the  time  to  consider  electric  motor  requirements.  Because 

_  many  factors . . .  such  as  constant  speed,  noiseless 

operation,  reversal  of  rotation,  low  starting  cur- 
rent,  compactness,  high  or  low  speeds  . .  .  will 
often  have  to  be  overcome,  specially 
^ designed  motors  may  be  the  only 
solution.  Holtzer-Cabot  special  frac- 
tional  HP  niotors  are  designed  and 
built  to  meet  specific  operating 

Product  design  engineers  will 
find  it  advantageous  to  consult 
H  Holtzer-Cabot  engineers  con- 

W  ceming  fractional  HP  motor 

I  They’ll  tell  you 

I  frankly  a  special  motor  is  the 

I  answer  or  whether  a  standard  one 

\  do.  Write  for  help 

on  motor  problemsr  today. 


the  HOLTZER-CABOT  ELECTRIC  COMPANY 


D— Igiiff  and  Buildan  of  Spatial 
'27  AMORY  STREET.  BOSTON  19,  MASS. 


froetlonal  HF  Motors  and  Battrkal  Appatahm 
CHICAGO,  III.',  NEW. YORK,  N.  Y.,  PHILADELPHIA,  PA. 
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IN-RES-CO 
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post-war 

features’ 
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INSTRUMENT 
RESISTORS  COMPANY 


25  AMITY  ST  ,  LITTLE  FALLS,  N.  J 


the  reactive  com- 


In  either  case, 
ponent  is  not  involved. 

At  the  maximum  and  minimum 
impedance  points  the  series  and 
parallel  components  become  the  same. 
At  these  points  the  maximum  and 
minimum  current  and  vdtage  an 
conveniently  evaluated  from  the 
standing  wave  ratio,  characteristic 
impedance,  and  power  as  follows: 


,  inh«eof  advon*ag«  ■ 

,n.»es-co  ■ 

ov*<i  I"  »**“'  *  !,ri,  I 
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«nulae*ur»ri  d.«r<r«  I 

;lo«  conddanHal  colU^^ 

vrtion  in  post-war  ^n 

nrm  invitod  bfing  I 
ning,  are  inviiww 

wir.  wound  rosistor  prob  1 
r.msmlN.MS.CO.AW9^ 
degree  of  accuracy  and 
dependability  in  all  pho«** 
of  production,  pl«» 
substantial 

fected  by  mass  pr^uction 
...tkods.  is  assured. 


j  Staediag  Wav*  Ratio  Expr*««*d  ia  Db 

The  probe  output  is  amplified 
through  a  double  detection  receiver. 
The  receiver  includes  an  attenuator 
in  its  i-f  amplifier  circuits  which  is 
calibrated  in  decibels.  The  rectified 
output  of  -the  receiver  is  indicated  on 
a  reference  level  meter. 


It  is  con- 
venient  to  adjust  the  meter  output 
to  an  arbitrary  reference  mark  and 
observe  the  change  in  attenuation 
required  when  going  from  a  maxi¬ 
mum  to  a  minimum  point  along  the 
standing  wave.  The  standing  wave 
amplitude  ratio  may  then  be  ex¬ 
pressed  in  decibels.  Thus,  a  6-db 
standing  wave  will  have  a  ratio  of 
maximum  to  minimum  amplitude  of 
2  to  1.  Used  in  this  sense  the  term 
has  no  significance  insofar  as  loss  or 
power  ratio  is  concerned.  A  scale  is 
j  provided  to  permit  expressing  the 
standing  wave  ratio  in  decibels. 


where  Z, 


characteristic  impediir:  e 
in  ohms, 
power  in  watts, 
voltage  or  current 
ing  wave  ratio  exprcssfd 
as  a  number  greater  than 
unity. 


Exaoipl*  for  Us*  of  th*  Cakalater 

A  coaxial  r-f  transmission  lini 
having  a  characteristic  impedance  a 
50  +  jO  ohms  is  terminated  in  a 
unknown  impedance  which  causes  i 
standing  wave  near  the  load  su:d 
that  =  2.0.  A  voltage  mas 

mum  point  on  the  standing  waTi 
exists  0.175  wavelength  from  ^ 
load.  The  line  is  2.84  wavelengts 
long  and  has  1.0  db  attenuation. 

A.  To  find  the  load  impedance: 

(1)  Set  the  slider  on  the  radii 
arm  to  the  position  on  tl 
E^,JE»tn  scale  opposite  2 

(2)  Rotate  the  radial  arm  uiit 
its  index  line  coincides  wit 
the  R/Z,  axis  between  1 
and  00  (where  the  voltage 
maximum),  and  rotate  tJ 
length  scale  around  the  ri 
until  its  0  point  is  align’ 
with  the  index  line  on  U 
radial  arm. 

(3)  Rotate  the  radial  arm  O.I 
wavelength  counterclof 
wise  “towards  load"  (.re 


R*lativ*  Veltag*  or  C*rr**t  at  Maxim*iii 
aad  MI*iNi*m  Peiatt 

If  a  transmission  line  is  conduct¬ 
ing  a  given  amount  of  power  it  will 
do  so  most  efficiently  when  standing 
waves  are  eliminated.  However, 
there  are  cases  when  it  will  be  ac¬ 
ceptable  or  even  desirable  to  permit 
standing  waves  to  exist.  In  this  case 
the  line  must  be  designed  to  with¬ 
stand  the  increase  in  current  and  in 
voltage  at  the  antinodes.  This  in¬ 
crease  at  the  antinodes  in  both  cur¬ 
rent  and  voltage  (and  decrease  at 
the  nodes)  is  plotted  along  the  radial 
arm  and  refers  to  the  increase  or  de¬ 
crease  at  these  points  over  what  it 
would  be  if  the  line  were  properly 
terminated  and  were  conducting  the 
same  amount  of  power  to  the  load. 

The  voltage  magnitude  (E)  at  any 
point  along  the  line  in  terms  of  the 
'.equivalent  parallel  reeistance  (R„r) 
i  component  and  the  power  (P)  is 


whereas  the  current  magnitude  (/) 
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Amplifier, Transmitting,  Rectifier  and  Cathode  RayTubes 
for  land,  sea  and  air -borne  communications  equipment. 

For  our  war  industries  we  make  Searchray  (X-ray) 
apparatus  for  industrial  and  research  applications;  X-ray 
Diffraction  Apparatus;  Electronic  Temperature  Indicators; 
Direct  Reading  Frequency  Meters;  High  Frequency  Heat¬ 
ing  Equipment;  Tungsten  and  M(dybdenum  in  powder, 
rod,  wire  and  sheet  form;  Tungsten  Alloys;  Fine  Wire  of 
practically  all  drawable  metals  and  alloys:  bare,  plated 
and  enameled;  Diamond  Dies. 

And  for  Victory  we  say:  Buy  More  War  Bonds. 


We  who  make  NORELCO 
Products  take  nothing  for 
granted.  So,  before  tungsten 
filament  cmis  are  anchored  to  assemblies  in  tubes,  they 
go  into  the  limelight  of  a  slide  film  projector.  The  projec¬ 
tion  beam  is  focused  squarely  through  the  dead  center 
iof  the  coil,  and  is  (H^>jected  against  a  screen  on  which 
a  circle  is  painted. 

A  perfectly  wound  coil  [No.  1  abote]  will  cast  its  image 
on  the  screen  cmncident  with  the  painted  circle.  An  im- 
|»crfi  (  ily  wound  coil  [No.  2  abote]  may  give  adequate 
[K-rAnTTianre  when  assembled  into  certain  types  of  elec- 
ironic  tubes — but  since  we  who  make  NORELCO 
I'lcctroiiic  products  like  to  prevent  possibility  of  failures 
iK-fore  thev  get  a  start,  we  reject  coils  that  do  not  meet 
>ur  high  standards  of  coil  winding. 

This  is  only  one  of  the  61  inspections  to  which  the 


vanous 

I'aris  and  assemblies  of  one  type  of  NORELCO  electronic 
luhc  is  subjected  before  the  final  inspections  in  test  operation. 

are  devoted  to 


W  ELECTRONIC  PRODUCTS  by 
NORTH  AMERICAN  PHIUPS  COMPANY,  INC. 

Executive  Offices:  100  East  42nd  Street 
New  York  17,  New  York 
Factories  in  Dobbs  Ferry,  N.  Y.;  Mount  Vernon, 
New  York  (Philips  Metalix  Corporation); 
Lewiston,  Maine  (Elmet  Division) 


ml  ay,  all  our  resources  and  expenence 
lakittg  the  electronic  tools  and  devices  that  will  hasten 
ictory.  TomcMTow,  they  will  be  free  to  serve  industry 
1  creating  a  new  world. 

i^or  our  Armed  Fwtxs  we  make  Quartz  Oscillator  Plates; 
kECTRONICS  — Jannory  1944 


A»»igm  Re»pom»lbiUifi  ior 
thm  Whote  Job  to  the 


RADEX 


^*Pr»daetion  Laboratory’’ 


-of  mmall 
irmeitomat  If.  wnotorm  /or 
aircraft  and  radio  iroric 


ir  fou  need  small  fractional ..  i 
H.P.  motors  for  any  war  applica*  ' 
tion,  you  can,  with  complete  con¬ 
fidence,  f;ive  us  full  responsibility 
for  design,  engineering  and  pro¬ 
duction.  You'll  save  lime,  money 
and  get  a  unit  that  meets  your 
exact  specifications  for  efficiency 
and  performance.  Radex  is  a 
production  laboratory''.  .  .  well 
equipped  for  laboratory  develop¬ 
ment  work  on  difficult  engineer¬ 
ing  jobs.  Resources  are  ample  for 
large  volume  production  requir¬ 
ing  the  highest  standards  of  pre¬ 
cision  workmanship  and  quality 
of  materials.  We  have  engineered 
and  produced  various  types  of 
small,  fractional  II. P.  motors, 
including 


•  BYNAMOTOIIS 

•  CENERATORS 

•  CONVERTERS 

•  VENTILATINC  MOTORS 

•  RAND  SWITCH  MOTORS 

•  SPEED  REDlJCrriON  MOTORS 

•  HEATER  MOTORS 


Production  Test  Equipment 

IMPEDANCE  MATCHING  BRIDGE 
COILS — universal,  progressive 
and  paper  section 

POCKETRACER 


Write  for  farther  iaformatlon.  We  have  open  I 
facilities  to  swve  you.  Rades  CorporatioR  | 
1508  Elston  Avenue,  Ghicafo  22,  Illinois  | 

[1-  ^6  \ - ^ 
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ohms  this  corresponds  to 
Z,  =  60(0.60  +  ;0.36)  = 
30.0  +  ;18.0  ohms. 

B.  To  find  the  input  impedance: 

(1)  As  in  A(l)  and  A (2)  above 

(2)  Rotate  the  radial  arm 
2,84  —  2.50*  =  0.34  wave¬ 
length  clockwise  “toward 
generator”  as  measured 
along  the  length  scale  and 
read  the  series  input  imped¬ 
ance  components  (before 
correcting  for  attenuation) 
as  R/Z,  =  0.64  and  -j-jX/Z, 
=  0.44. 

Since  Z,  is  50  -|-  jO  ohms, 
this  corresponds  to  Z,  = 
50  (0.64  -f  ;0.44)  =  32.0  -f 
y22.0  ohms. 

(3)  Correct  for  attenuation  by 
moving  the  slider  index  only 
along  the  arm  “toward  gen¬ 
erator”  1  decibel  unit.  The 
input  impedance  components 
are  then  read  as  R/Z,  =  0.72 
and  -I-  jX/Z,  =  0.37,  which 
corresponds  to  Z,  =  50(0:72 
-I-  yo.37)  =  36.0  -I-  yi8.6 
ohms. 

C.  To  find  the  total  dissipation  in 

the  line: 

(1)  The  attenuation  as  stated 
.<>  in  the  problem  is  1  db,  which 
is  the  nominal  loss  without 
standing  waves.  The  in¬ 
creased  attenuation  due  to 
standing  waves  (as  ob¬ 
served  at  intersection  of 
slider  index  with  “S.W.  Loss 
Coef.”  scale)  is  1.25  times 
at  the  load  end  and  1.14 
times  at  the  generator  end. 
The  slider  is  set  respectively 
as  for  B(2)  and  B(3)  above. 
The  dissipation  loss  for  the 
whole  line  can  be  shown  to 
be  increased  due  to  standing 
waves  by  the  difference  read 
on  the  reflection  loss  scale  at 
the  two  ends  of  the  line. 
This  is  seen  to  be  0.61—0.31 
=  0.20  db.  Thus,  in  this  case 
the  total  dissipation  loss 
within  the  line  is  1.20  db. 

D.  To  find  the  increase  in  voltage 
or  current  at  the  maximum 
point  due  to  standing  waves: 

(1)  With  the  slider  index  set  as 

at  B(2)  and  B(3)  respec¬ 
tively,  the  increase  over  the 
uniformly  distributed  volt¬ 
age  (no  standing  waves) 

*  Subtract  tbe  largeat  whole  number  of  half 
wavelengths  to  obtain  equivalent  length  less 
than  one-half  wavelength. 


WANTED 

for  the 

PHILCO 

ENGINEEMNG 

STAFF 

•  RADK>— BKrreONICS— RiCTIIICM 

BiOMEERS 

Men*  with  degrees  in  electrical 
engineering  or  comparable  experi¬ 
ence  in  radio  and  tmevision. 

•  MECHANICAL  BIOMEERS 

Men  with  college  degrees  or  com¬ 
parable  experience  in  the  en^eer- 
ing  aspects  of  electrical  appliances, 
and  in  designing  small  machinery. 

•  DESION  ENOMEERS  —  DRAFTSMEN 

Men  with  experience  in  medumical 
designing,  eqiecially  of  small  metal 
parts  and  of  the  automatic  ma¬ 
chinery  to  mass-produce  them. 

•  PRODUCTION  BIOMEERS 

Induding  electrical  and  mechani¬ 
cal  engineers  familiar  with  anf 
phase  ^  radio,  radio-phonograph 
and  television  production. 

•  PHYSICISTS 

Must  have  science  degree  in 
phyincs.  Some  practical  experience 
in  radio  is  desirable. 

expect  the  men  who  qualify 
for  these  positions  to  bmime 
permanent  members  of  our  staff 
and  take  an  in^portant  part  in  our 
post-war  program. 

To  maintain  the  Philco  tradition 
of  progressive  research  and  devel¬ 
opment,  is  first  and  foremost  in 
our  minds.  We  provide  the  finest  of 
technical  equipment.  But  often, 
even  more  helpful  is  the  inspira¬ 
tion  and  personal  assistance  of 
working  with  men  who  have  done 
so  much  for  the  advancement  of 
Radio,  Television,  Refrigeration 
and  Air-Conditioning. 

WRITE  US  TODAY 

Qualified  men  not  now  engaged  in 
work  requiring  their  full  talents,  are 
invited  to  write  us  in  detail  as  to  their 
experience,  education,  family  and  draft 
status,  and  salary.  Letters  will  be 
treated  in  strict  confidence. 

Employment  subject  to  local  W.Af.C.  rules. 

WHITE  TO  MR.  GEORGE  DALE’ 

PHILCO 

CORPORATION 

Philadelpliki  34,  Pmmm. 
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UNTON 


1  +  (1//V*) 

Maximum  Vdtasre  or  Current  (X) 


TRO: 


aritiing  wave  Katio  (db; : 
fc  -  1 - - - 

1  +  lor'  db/ao 

rtrii^mg  Wave  Ratio,  greater 
unity  (SWR) : 

*  -  1 - - - 

1  +  SWB 

*!enuation  (db) ; 

t  _  j  _  2  tanh  (0.11512  db) 
tonh  (0.11612  db)  +  1 

i/infiing  Wave  Loss  Coefficient 

t.l- - 

1  +  C+  VC«-  1 

"Hortion  Loss  in  db; 


U*^IONAlR  produces  complete  electrical  units,  ready  for  instal¬ 
lation,  as  illustrated  above.  They  incorporate  Unionair  Junction 
Boxes,  Conduit  Fittings,  Special  Components  and  improved  ^sem- 
bly  Wiring  Technique. 

As  indicated  by  many  leading  n^nufacturers  of  aircraft,  Unionair 
Responsibility  coupled  with  adviced  methods  of  assembly  have 
resulted  in  speedier  productiotf^^f  aircraft  electrical  units  and 
reduced  cost  of  installation  of  air-borne  electrical  systems. 


.^liTlbTR 


Arrangements  have  been  made 
ith  the  Emeloid  Co.  of  Arlington, 
*  J.  for  manufacturing  and  mar- 
etin"^  the  radio  transmission  line 
uciilator  in  durable  plastic. 

ECTRONICS  — Jwiiwry  1944  . 
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Makers  of  Junctmn  Boxes  and  Assemblies 
Conduit  Fittings  —  Hydraulic  Fittings 
UNION  AIRCRAFT  PRODUCTS  CORP.  NEW  YORK 
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AutoTndtic  P^toiiucium 

Pen^rect XTALS^ 


»  NO  NOOLfN*,  TNiS  /sWr  Oi/R  METHOD  BUT  OURS  IS 
COMPLETELY  AUTOMATIC,  ELECTRONICALLY  CONTROLLED 
AND  TESTED  AT  EVERY  STEP, 


V\  CRySTAl  CO. 

OSNUAl  OftiCES  >641  W  CASROU  AVF  CHICAGO.  Ill  USA 


Available  uith 
Various  Electrical  Characteristics 


I-F  AMPLIFICATION  -  AUDIO  AMPUFICATION 


Production 

Tester 

(Continued  from  page  143) 

sequence  of  tests,  the  overall  circuit 
is  interlocked  so  that  the  control 
switch  has  to  be  turned  first  to  the 
“off”  position  and  then  rotated  in 
the  correct  direction  from  “off”  be¬ 
fore  any  test  voltages  may  be  ob¬ 
tained. 

Overload  protection  is  provided  in 
both  the  oscillation  and  characteristic 
test  sets  by  means  of  quick-acting 
magnetic  overload  relays.  With  a 
shorted  tube  in  the  socket,  the  relay 
picks  up  quickly  enough  to  prevent 
damage  to  the  meters. 

Safety  to  the  operator  is  provided 
by  means  of  an  interlock  on  the 
“gate”  covering  the  tubes  under  test 


-rv 


Interior  riow  of  oscillation  tost  sot  lor 
chocking  transmitting  tubs  poriormoncs 
during  production 

The  interlock  system  removes  volt¬ 
age  from  the  control  circuit,  thus 
dropping  out  the  contactors  and  re¬ 
moving  all  voltage  from  the  tube 
sockets.  Two  line  contactors  ahead 
of  all  the  power  supplies  are  used. 
It  is  extremely  unlikely  that  both 
contactors  will  ever  stick  cloned. 

Red  and  green  signal  lights  are 
provided  on  the  front  panel  to  indi¬ 
cate  the  position  of  the  contactors, 
so  that  even  in  the  remote  case  of 
failure  of  the  contactors,  the  oper¬ 
ator  is  warned  of  the  failure.  All  of 
the  controls  are  within  easy  reach 
of  the  operator  and  the  meters  are 
easily  read. 


! 


Television 

Tubes 

(CorUinued  from  page  111) 

lit  differential  equation  which  when 
I'ol  solved  by  conventional  methods  gives 
he  iv^r  +  Ri  Etr+  B,Ri 

in  dt'^rRiC  RirC 


At  t  =  oo  a  new  steady  state  is 
reached,  expressed  by 


*r  +  fti  + 

Scaaeieg  Carraats  oad  Petaafioit 

The  transient  charging  current 
while  scanning  the  boundary  is  given 


For  values  of  constants  encoun¬ 
tered  in  practice,  a  plot  of  the  charg¬ 
ing  current  I  is  given  in  Fig.  9.  A  spot 
which  instantaneously  equalized  all 
the  charges  under  it  has  been  as¬ 
sumed.  That  such  a  condition  actually 
occurs,  there  is  little  doubt  How¬ 
ever,  authorities  disagree  as  to  the 
values  of  electron  densities  at  which 
the  surface  under  bombardment  be¬ 
gins  to  be  thoroughly  conductive. 

If  there  is  no  surface  conductivity 
under  the  electron  spot  the  noncon- 
ductive  charging  current  curve  in 
Fig.  9  applies.  It  may  be  seen  that 
it  is  of  small  importance  whether 
there  is,  or  is  not  conductivity  under 
the  spot.  Except  for  a  small  differ¬ 
ence  in  the  duration  of  the  transient 
the  two  discharge  processes  differ 
lery  little  one  from  another.  The 
r  ir^itudes  of  current  changes  are 
»tw;jen  8  and  9  hundredths  of  a 
Tiiiioampere. 

The  potentials  V  left  over  on  the 
nonaic  by  the  scanning  spot  are  also 
timost  equal  in  the  two  cases,  as  is 
h.jwri  by  the  lower  curves  of  Fig.  9. 
^  thing  to  note,  however,  is  that  it  is 
lard  to  expect  a  potential  change  on 
he  globules  from  before  to  after 
-aniiing,  greater  than  6  tenths  of  a 
olt.  For  a  most  efficiently  activated 
■-aic  this  value  may  rise  to  one 


Today,  many  of  the  out- 
lines  of  future  developments, 
which  appeared  hazy  and  distant,  are 
being  brought  into  ever  sharper  relief 
through  scientific  research.  Of  those  who 
are  actively  engaged  in  defining  the  pattern 
of  things  to  come,  Sperti,  Inc.  is  an  organization 
worthy  of  continued  attention. 


For  beyond  Sperti  are  laboratories  devoted  to  pure 
research,  independent  of  industry,  and  staffed  by  world- 
famous  scientists.  These  men  have  searched  theoretical 
fields  and  have  brought  into  the  foreground  of  clearly 
defined  fact  important  discoveries  in  electronics,  irradia¬ 
tion,  fluorescent  lighting  and  cellular  activities. 


Although  Sperti,  Inc.  is  now  almost  wholly  engaged  in 
war  work,  there  may  be  research  completed  or  in  process 
which  will  lend  clearer  shape  to  your  own  postwar  plans. 
You’ll  find  it  profitable  to  maintain  contact  with 
this  outstanding  source  of  basic  scientific  inquiry. 
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Mosaic  Capoeltaaeo 

So  far  in  this  study  of  charging 
tinii  of  the  electron  bombardment 
broad  simplifying  assumptions 
ri  used.  This  action  was  studied 


Incorporated 
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wm 

m~'‘W 

under  the  assumption  that  the  mosaic 
plate  is  infinite  in  area,  but  has  con¬ 
stants  per  unit  area  of  the  actual 
As  a  result  expressions  were 


mosaic. 

obtained  for  the  video-frequency  cur¬ 
rents,  time  constants,  potentials  of 
the  mosaic  before  and  after  scan¬ 
ning,  etc.  An  infinite  area,  however, 
means  an  infinite  capacitance  capable 
of  absorbing  any  charge  without  a 
change  in  voltage.  Actually,  the  icon¬ 
oscope  mosaic  has  large  but  finite  ca¬ 
pacitance,  which  may  be  considered 
infinite  only  for  the  upper  region  of 
the  video  frequencies. 

At  low  video  frequencies  the 
mosaic  capacitance  plays  a  very  im¬ 
portant  part,  as  is  substantiated  by 
the  experimental  evidence  shown  in  ' 
Fig.  10.  When  scanning  a  mosaic  in 
the  dark,  the  iconoscope  output  cur¬ 
rent  is  not  zero.  In  fact,  its  peak-to- 
peak  value  is  of  the  order  of  6  x  10  * 
ampere.  In  the  reproduced  picture 
this  spurious  or  dark  spot  current 
would  produce  a  great  distortion,  if 
it  were  not  compensated  for  and 
balanced  out. 

Now,  if  a  light  pattern  of  horizon¬ 
tal  bars  is  thrown  on  the  mosaic,  a 
square  wave  of  current  is  generated 
by  the  bombardment.  The  square 
wave  is  superimposed  on  the  dark- 
spot  signal.  The  oscillograms  show 
the  wave  shape  of  one  field  of  televi¬ 
sion  signal  with  its  darkspot  signal 
(vertical  dark  spot).  Besides  the 
vertical  dark  spot  there  is  a  hori¬ 
zontal  dark  spot  in  the  signal,  but  in 
these  oscillograms,  the  line  fre¬ 
quency  and  all  higher  frequencies 
were  filtered  out. 


elec^ronT^ 

PARTS 

for  IMMEDIATE  DELIVERY 


CAM  LEVER  SWITCHES 


Model  MCL  Master  Cam  Lever  Switches  can  be  built 
up  with  your  choice  of  all  types  of  contaa  arrange¬ 
ments  —  the  circuit  possibilities  are  unlimited!  The 
positive  positioning  cam  has  roller  dedents  which 
eliminate  friaion  and  contaa  bounce.  By  removing 
a  single  bolt  at  the  bottom  of  the  frame,  all  contaas 
can  be  removed. 

Static  shielding  —  non-corrosive  —  no  side  thrust  — 
rugged  construaion  for  long  life  —  Contaa  rating, 
10  amps,  125-V.A.C.;  2  amps,  125-V.D.C. 

A  top  quality  switch  that  is  interchangeable  with 
your  present  switches  —  Write  for  catalog  showing 
mechanical  and  electrical  specifications. 

If  you’re  thinking  of  switching,  think  of 


Sparieas  Oatpat  Sigaals 

The  spurious  signal  of  the  Icono¬ 
scope  is  a  result  of  scanning  of  the 
mosaic  by  the  bombarding  beam.  Es¬ 
sentially,  the  Iconoscope  is  an  a-c 
device,  since  its  output  current  flows 
to  its  signal  plate  which  is  a  terminal 
of  a  0.013-/if  capacitor.  The  secon¬ 
dary  emission  current  at  a  steady- 
therefore  has  to 


state  condition 
average  out  to  a  value  equal  to  the 
beam  current,  while  the  bombarding 
electrons  are  knocking  out  five  times 
their  number  from  the  mosaic.  The 
excess  electrons  return  to  other  parts 
of  the  mosaic  and  charge  it  in  their 
turn.  They  charge  it  in  a  nonuni¬ 
form  manner,  contributing  to  the 
vertical  and  horizontal  spurious  sig¬ 
nals. 

In  general,  with  the  mosaic  in 
darkness  at  the  start  of  the  scan  of 
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a*  frame  (or  a  field,  rather) '  more 
electrons  flow  to  the  collector  or  sec-- 
ond  anode  than  are  supplied  by  theuj 
beam  to  the  mosaic.  The  current  flows 
down  from  the  signal  plate,  charging 
it  negatively.  Somewhere  in  the  mid¬ 
dle  of  the  scan  the  flow  of  electrons 
to  the  mosaic  becomes  equal  to  the 
[  flow  to  the  collector,  and  the  current 
to  the  signal  plate  becomes  zero.  Then 
it  reverses  direction  and  charges  the 


m 


-Period  of  OneField- 
Time 


(b) 


flG.  10 — Oecilloqranu  and  curre  ihow- 
effect  of  mosaic  capacitance,  (a) — 

Signal  plate  current  with  mosaic  in  dark¬ 
ness:  (b) — signal  plate  potential  with  mo- 
■aic  in  darkness;  (c) — signal  plale  current 
with  mosaic  illuminated  by  120-cycle 
square  wore  pattern 


PROPER  POWER  for 
Electronic  Equipment 


The  most  occurate  and  efficient  instruments 
for  microscopic  observation,  precision  meas¬ 
urement,  color  and  material  identification, 
high  frequency  heating,  sorting  and  commu¬ 
nication  are  dependent  on  the  Electron  Tube. . 

Transformers — the  Power  behind  the  Elec¬ 
tron  Tube — must  by  necessity  be  properly 
designed  and  built  with  the  same  precision 
as  the  tubes  that  they®operate. 

Chicago  Transformer  specializes  in  the  de¬ 
sign  and  manufactuie  of  units  for  this  type 
of  application. 


BETTER  BUY  BONDS! 

CHICAGO  TRANSFORMER 

DIVISION  OF  ESSEX  WIRE  CORPORATION 

3501  WEST  ADDISON  STREET  •  CHICAGO,  18 
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Eliminotes  Name  Plates  on  Front  Panels 


H«'e  are  a  few  advantages  of  our  new 
inlay  process  for  marking  front  panels 
that  eliminates  name  plates: 

1.  Front  panel  will  match  finish  of  cabinets. 

2.  Durable,  baked  enamel  characters,  resistant  to 
obirosions  and  salt  sprays;  guaranteed  to  pass 
50  hour  solt  spray  test. 

3.  Characters  fiush  with  background  and  on  same 
plane. 

4.  Recommended  and  endorsed  by  scores  of  manu¬ 
facturers  of  electronic,  sound  and  communica¬ 
tion  equipment. 

^  rf  PROMPT  DEUVERIES,  Send  us  the  \ 

-  bare  steel  fabricated  and  within  two 

weeks  we  will  return  it  finished  and 
marked  to  your  complete  satisfat^ion. 


SCREENMAKERS 


Suppliers  of  eompoiMirt 
perfs  for  the  famout 
SCR-299  mobile  unit. 


.  1300 

310,000  WCU  fxf 


Transformers  —  Coils  —  Reactors 


Electrical  Windings  of  All  Types 


for  the  Radio  Trade  and  other 


Electronic  Applications. 


Now  manufacturing  for  every  branch 
of  the  Armed  Services. 


^IKDS^TO  THE  "Nth”  DEGREE 


Perfect  co-ordination  of  skilled  minds  and  hands 
in  a  well  knit  organization  with  20  years  of  radio 
manufacturing  experience  has  been  the  secret  of 
MERIT'S  success  in  building  precision  equipment 
to  the  most  exacting  specifications. 
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LETS 

Research 

Together 


You  with  your  knowledge  of  and 
experience  with  permanent  mag¬ 
netism  as  applied  particularly  to 
your  own  problems  and  pro* 
jected  plans. 


We  with  our  broad  knowledge  of 
and  experience  with  the  subject, 
gained  by  designing  and  making 
permanent  magnets  for  many  dif¬ 
ferent  companies,  among  which 
are  leading  manufacturers  of  the 
most  important  instruments  used 
by  the  armed  forces. 


Yes,  let's  research  together.  Two 
interested  and  qualified  view¬ 
points  focussed  on  your  problem. 
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signal  plate  in  a  positive  direction, 
while  the  flow  of  electrons  to  the 
mosaic  is  larger  than  to  the  collector. 


Eqaivaleat  Geeerated  EMF 

Since  the  Iconoscope  is  a  gener¬ 
ator  of  electrical  signals,  one  may  in¬ 
quire  whether  it  can  be  represented 
as  a  source  of  an  emf  generated  in 
some  sort  of  a  passive  network.  Since 
its  output  occurs  as  a  current  be¬ 
tween  an  output  terminal  and  ground 
one  may  inquire  as  to  the  value  of 
equivalent  emf  generated  and  the 
magnitude  and  sense  of  its  equivalent 
impedance,  reactance  and  resistance. 
These  have  been  investigated  by  the 
old  reliable  experimental  method 
used  in  determining  the  emf  and  the 
internal  resistance  of  a  battery.  The 
device  is  loaded  with  resistances  of 
various  values  and  the  output  cur¬ 
rent  is  read  by  a  suitable  meter.  A 
set  of  simple  simultaneous  algebraic 
equations  results  which  when  solved 
yields  the  desired  values. 


Effect  of  Ear  Pottera 


Assume  that  a  pattern  of  altemat-* 
ing  black  and  white  bars  is  thrown 
onto  a  mosaic  of  a  normally  operat¬ 
ing  Iconoscope.  The  resultant  signal 
is  then  composed  of  a  180-cycle 
square  wave  plus  a  spurious  signal. 
The  voltage  output  across  a  normal 
coupling  resistance  is  observed,  then 
resistors  of  different  values  are  in¬ 
serted  in  series  with  the  normal 
coupling  resistor.  The  resultant  os¬ 
cillograms  are  shown  in  Fig.  11.  Ap¬ 
parently  more  than  the  capacitance 
of  a  single  picture  element  is  active 
in  the  Iconoscope  at  low  frequencies 
— about  one-tenth  of  the  mosaic  area 
in  fact,  while  the  emf  generated  by 
the  Iconoscope  is  0.3  to  0.5  v. 


CoaciMsic 


As  we  have  just  shown,  the  fact 
that  the  Iconoscope  is  utilizing  elec¬ 
tron  bombardment  and  secondary 
emission  does  not  mean  that  it  is  in 
a  class  of  devices  which  are  foreign 
to  communications  engineers.  It  is  a 
generator  of  electrical  signals,  hav¬ 
ing  an  internal  impedance  and  a 
definite  electromotive  force.  Its 
characteristics  are  readily  measured 
and  used  in  the  design  of  television 
systems ;  while  certain  of  its  actions 
do  not  make  it  an  ideal  generator  of 
a  video  signal,  it  has  made  possible 
modern  high-definition  television.* 


*  For  a  list  of  references  on  the  subject  the 
reader  la  referred  to  the  extensive  blbliogra- 
phv  in  “Telerision,”  by  Zworykin  and  Morton, 
John  WUey  A  Sons,  New  York,  1940. 


RADIO  AND 
ELECfRONIC 


Hurried  to  you  as  quickly  as 
wartime  conditions  permit! 


Htmdmd  pmrta 
and  aquipmaat  for 


INDUSTRY  •  MILITARY 
SERVICES  •  TRADE  SCHOOLS 


Only  tka  flmmat  omalltlma  from 
AmmHca'a  laadimg  mmmmtmetmraral 


Backed  by  18  years  of  soeed 
axporioncos  in  tlio  field,  Harvey 
can-  help  you  wfth  merchandise 
...with  technical  advice ...  with 
priority  problems.  Write,  wire  or 
telephone... orders  accepted  in 
any  size  and 
qnantity.  H  we 
don’t  have  what 
yon  want  In 
stock,  we’ll  get 
It  for  yen. 


WE  Deliver! 


^  9-1946 


103  WEST  43rd  ST.,  NEW  YORK  18,  N.  Y. 
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LEpEL  FREQUENCY 

INDUCTION  HEATING  UNITS 


Multivibrator 


{Continued  from  page  141) 


The  operator  is  soldering  bot¬ 
toms  on  tin  cans  —  at  the  rate  of 
two  every  ten  seconds  — with 
Lepel  Induction  Heating. 

—  And  doing  a  better  job  be¬ 
cause  the  solder  penetrates 
throughout  the  seam  and  accu¬ 
rate  temperature  control  mini¬ 
mizes  discoloration. 

Lepel  Induction  Heating 
quickly  and  neatly  performs  the 
most  intricate  soldering  and 
brazing  operations  on  ferrous 
and  non-ferrous  metals,  using 
soldering  or  brazing  alloys  of  any 
melting  point. 

The  same  compact  unit,  manu¬ 
ally  or  automatically  operated, 
can  also  be  used  for  hardening, 
stress  relieving  or  annealing 
without  expensive  conversion. 

Send  samples  of  your  work 
with  specifications  for  complete 
engineering  data  and  recom¬ 
mendations.  Ask  for  catalog. 


FIG.  1.14 — Multivlbrotor  dMigasd  la  Ex- 
ompl*  I 


Exampl*  I 

A  symmetrical  MV  is  to  operate  at 
a  natural  frequency  of  1000  cps*.  The 
tube  is  a  type  6SN7-GT.  is  180 
volts.  Design  the  MV. 

Solution: 

(a)  Since  the  MV  is  symmetrical, 
Ti  =  T,  =  Turl%  i.e.,  each  tube  con¬ 
tributes  half  the  total  period. 

(b)  Choose  Rt\  —  Ru 
ohms. 

(c)  To  satisfy  (1.9) 


A  MV  was  built  using  resistors 
and  capacitors  having  values  within 
1  percent  of  those  shown  on  Fig. 
1.14.  The  natural  frequency  of  the 
Circuit  for  nine  different  tubes — 
three  each  of  two  different  standard 
brands  and  one  inferior  brand — and 
20,000  three  values  of  plate  supply  voltage 
is  tabulated  in  Table  I.  The  design, 
which  was  based  upon  1000  cps  at 
=  180  volts,  is  in  error  by  a  max¬ 
imum  of  5.8  percent  for  the  first 
seven  tubes.  The  maximum  error 
between  tubes  (No.  1  and  No.  6)  is 
2  X  10*  X  6 120  X  10*  +  1.6  X  10*]  6  percent.  While  the  center  fre- 

n  T^-  ,  «  ,  =  0.00465  fd  queucy  obtained  with  tubes  No.  8 

rom  ig.  .  rea  a,  ,  _  a,r, 

No.  9  differs  appreciably  from 
_  the  average  of  the  first  seven  tubes, 

the  percentage  change  in  frequency 
with  change  in  is  about  the  same 
for  all  tubes. 

If  the  total  change  of  MV  period 
as  En  is  decreased  (from  180  volts) 
to  150  volts  and  increased  to  210 
volts  is  attributed  to  variation  of 
(reference  to  Fig.  1.6  shows  this 
to  be  reasonable;  since,  for  Rl  = 
20,000  ohms,  /2»  does  not  change  suf¬ 
ficiently  to  affect  k),  the  result  of 
reading  Figs.  1.7  and  1.8  and  sub¬ 
stituting  into  Eq.  (1.52)  of  Appendix 


(e)  If  Cm  is  chosen  as  0.0005  /if, 
,  Bn  Ru  ^  Tt 
Bm  Ru  2.16  Cu 


2  X  10*  X  2.16  X  6  X  10-“ 

4.63  X  10*  ohms. 

(f)  The  value  of  Ru  for  Ru  = 


iBy  a  symmetrical  MV  is  meant  one  In 
which  all  the  components  of  one  section  are 
identical  to  the  corresponding  components  of 
the  other  section. 
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TABLE  I 


XYFE  65X 
.  ovolloW 

'  ^  val««* 


tiM 

lOR  BttUET**  31 

full  oetmls  . . 


Brand 

Natural  Frequency  For 
of 

150v. 

180v. 

210v. 

Standard  1 

1022 

908 

985 

1061 

1034 

1016 

U 

1070 

1044 

1020 

Standard  2 

1041 

1017 

. 

997 

a 

1064 

1034 

1020 

M 

1086 

1058 

1038 

Inferior 

1085 

1050 

1031 

« 

' 

1186 

1151 

1133 

e 

1211 

1180 

1163 

Tube 


Measured  natural  frequency  for  various 
tubes  and  plate  supply  voltages  used  with 
the  multi-vibrator  of  Fig.  1.14. 


I  is  (for  a  decrease  of  En  from  180 
volts  to  160  volts) 


0.72jX^12.4  Lioir^i72in^. 


The  minus  sigm  enters  because  the 
change  in  p...  is  in  a  negative  direc¬ 
tion.  (Although  the  variations  in¬ 
volved  are  too  large  to  be  considered 
differential  changes,  the  accuracy 
obtained  from  the  equation  is  still 
quite  good.)  Hence,  the  period  at 
£■»*  =  160  volts  will  be  97  percent  of 
that  at  180  volts  or  the  frequency 
should  be'  1031  cps,  an  increase  of 
31  cps.  A  similar  calculation  shows 
that  at  210  volts  the  frequency 
should  be  980  cps. 

ExampU  II 

A  MV  is  to  have  a  natural  fre¬ 
quency  of  60  cps.  The  tube  is  a  type 
6A6.  En  is  200  volts.  The  value  of 
Er,  required  for  plate  current  cutoff 
is  — 10  volts.  Design  the  MV  to  sup¬ 
ply  a  20/80  output  waveshape. 

Solution: 

(a)  r,  =  1/60  X  2/10  =  0.004 
sec. 

(b)  T,  =  1/60  X  8/10  =  0.016 

sec. 

(c)  Let  Rt,  =  Ru  =  60,000  ohms. 
Then  from  the  /*  vs.  Et  family  of 
curves,  /2*  =  26,000  ohms. 

(d)  If  ««  hen  fc.  = 

1/[1  -f  (Rh//2«)]  =  0.6V. 

(e)  -  0.67  X  200/10  =  13.4. 

(f)  Reading  from  Fig.  1.6,  for 
—  13.4,  oLiTi  —  2.60. 

Since  kifitt  —  otTt  —  ®iTi  — 


WIDELY  FAVORED  becaise  tf 
NOISELESS  operatioi.  DURAOILITY 
aid  fiae  PERFORMANCE  ii 
all  cliaates  ... 

STANDARD  RANGE 

1000  ohms  to  10  mogohms. 

NOISE  TESTED 

At  slight  additional  cost,  resistors  in 
the  Standard  Range  are  supplied  with 
each  resistor  noise  tested  to  the  follow¬ 
ing  standard:  "For  tho  comploto  audio 
i  froquoney  rang*,  resistors  shall  have 
I  less  noise  than  corresponds  to  a 
i  change  of  resistance  of  1  part  in 
\  1 .000,000." 

1  HIGH  VALUES 

*  15  megohms  to  1,000,000  mog¬ 

ohms. 


S.  S.  WHITE 

The  S.  S.  White  Dental  Miq.  Co. 

INDUSTRIAL  DIVISION 

,  Department  R,  10  East  40th  St.,  New  York  18,  N.  Y. 
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FOR  EVERY  RADIO  { 
ELECTRICAL  AND 
ELECTRONIC  USE  Jj 


The  importance  of 

MICA 

for  National  Defense 

I  Submarine  engines  depend  on  Mica 
parts  for  reliable  performance.  Elec- 
I  trically-driven  TORPEDOES  would  be 
almost  an  impossibility  if  it  w'cre  not 
for  certain  MICA  segments  contained 
in  the  motor  parts! 

Ford  Radio  &  Mica  Corp. 

JOSEPH  J.  LONG,  Prr 

538  63rd  Street  BrooklvL  20,  N.Y. 
Est.  1917  Tel:  Windsor  9-8300 


2.60.  Then  a,  =  2.60/7’i  =  660.  Sim^ 
ilarly,  «,  =  162. 

(g)  Substituting  in  (1.9)  to  find 
maximum  values  of  and  C»,  given 

C  _ 1 

“•••  6  (50X10* +1.6  X10») 

-  0.062  iJ. 

0  004 

C*...  -  Cum..  X  -  0.0164  Aif. 

If  Cu  =  0.002  fit, 

Rdi  ■■ 

1  Ru  Rit  1 


Cuoei  Rh  1+  iZu  2  X  10*^  X  6.6  X  10* 
7*2,000  oh.. 

and,  choosing  Cm  =  0.008  is 

also  equal  to  762,000  ohms. 

Figure  1.16  is  a  schematic  diagram 
of  the  MV.  In  order  that  the  wave 
shape  might  be  adjusted  to  20/80,  it 
would  be  well  to  use  a  600,000-ohm 
rheostat  and  a  600,000-ohm  resistor 
in  series  as  Rn  and  i?<t. 


FIG.  1.15 — ^MultiTibrcitor  dMigncd  In  Ex- 

ompl*  n 


I^MAUeMTMAGNlTS 

ALL  SHAPES  — ALL  SIZES 
FOR  ALL  PURPOSES 

Stamped,  Formed,  and  Cast;  Chrome,  Tung- 
sten  Cobalt  and  ALNICO**  (cast  or  sin- 
V  tered)  under  G.  L  license. 

\  THOMAS  &  SKINNEB 

iX  STEEL  PRODUCTS  COMPANY 

I lU  E.  23rd  STREET  INDIANAPOLIS,  INDIANA 

LaminotioAS  for  Radio  Transformors  —  Tools 
^  Dios— Hoot  Trooting— Stompings 

42  YEARS  EXPERIENCEBBa 


Selecting  components  to  an  accu¬ 
racy  of  1  percent,  this  circuit  was 
built  and  the  natural  frequency  re¬ 
sulting  with  four  different  tubes  of  a 
standard  brand  was  48.9,  60.1,  60.3 
and  62  cps  respectively.  Figure  1.16 
is  a  plot  of  natural  frequency  as  a 
"unction  of  Fm  for  two  of  these  tubes. 
All  values  for  the  other  two  tubes 
fell  between  these  curves.  This  fig¬ 
ure  shows  that  changes  in  Fm  affect 
the  frequency  in  a  similar  manner  as 
changes  in  C».  Therefore,  the  effect 
of  a  given  change  in  Em  can  be  stated 
in  terms  of  an  equivalent  change  in 
C».  From  Fig.  1.16,  as  E»»  increases 
from  180  to  360  volts — ^a  100  percent 
increase — the  natural  frequency  (No. 
1  tube)  decreases  from  62.8  to  48.8 
cps,  an  increase  of  8.2  percent  in  the 
period  of  the  MV.  In  this  case,  a 
100  percent  increase  in  E**  is  equiva¬ 
lent,  in  its  effect  upon  the  natural 
period,  to  an  8.2  percent  increase  in 
the  capacity  of  both  C»,  and  Cm.  De- 
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FIG.  1.16 — Plots  ol  notaral  froquoncy  vs. 
lo'  *7P*  tnbos  in  tho  multi, 
vibrertor  drcnlt  oi  Fiq.  1.15 

creases  of  10  percent  in  from  200 
volts  and  400  volts  are  equivalent  to 
decreases  of  1.6  percent  and  0.8  per¬ 
cent  in  the  values  of  both  time  con¬ 
stants.  In  general,  rate  of  change 
of  frequency  vs  decreases  as 
increases. 

With  50,000  ohm  plate  load  resis¬ 
tors,  as  shown  in  Fig.  1.15,  the  nat¬ 
ural  frequency  decreased  smoothly  by 
4.4  and  4.3  cps  for  tubes  No.  1  and 
No.  2  respectively  in  the  range 
from  180  to  400  volts.  When  these 
50,000  ohm  resistors  were  decreased 
to  10,000  ohms  and  the  condensers 
increased  in  capacity  to  bring  the  fre¬ 
quency  back  to  approximately  50  cps, 
the  frequency  varied  7.8  and  6.2  cps 
for  the  same  tubes  in  the  same 
range.  This  confirms  the  desir¬ 
ability  of  using  values  of  Rt.  that  are 
large  in  comparison  with  in  order 
to  blot  out  the  effect  upon  k  of  varia¬ 
tions  in  Rt.  The  resulting  large 
value  of  k  is  also  desirable,  as  found 
in  Appendix  I,  because  it  helps  to 
minimize  the  effect  upon  T*.  of  varia¬ 
tions  in  jjLe,  and  in  k.  To  sum  up — 


Immmdlmtmly  Avmilmbim  are 
certain  hard- to -get  radio  and  oiactroniG 
parts  and  equipment,  urgently  needed  by 
war -working  industrials,  radio  service 
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purpose  tubes.  Some  types  now  Govern¬ 
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creases  as  fcft„  decreases. —iience, 
if  small  values  of  k  are  employed  to 
use  changes  in  k  to  compensate 
changes  in  |i,„  the  compensating 
effect  must  be  rather  pronounced  if 
a  net  improvement  is  to  be  obtained 
over  the  minimizing  action  of  the 
larger  k.  Experiment  indicates  that, 
for  given  circuit  conditions,  the  de¬ 
gree  of  compensation  is  subject  to 
considerable  variation  with  replace¬ 
ment  of  the  tubes.  Generally,  the 
larger  values  of  Rl  (and,  therefore, 
of  fc)  are  preferable. 


Appeadix  I 

It  is  desired  to  find  the  rate  of 
change  of  Ti  with  change  of  ktfia  in 
Eq.  (1.6a). 


If  fc. 
inter\’8 
portioE 
lineari 
though 
tional 
poses  i 
greatei 


PHOTOTUBES 

Used  by  leading  manufacturers. 

RECTIFIERS 

Praised  for  sturdy  construe* 
tion  .  .  .  long  life. 

ELECTRONIC  TUBES 

Preferred  throughout  the  industry, 

Prompt  do/rvoriM  on  most 
typos.  Writ#  tor  catalog. 


The  derivative  of  Ti  with  respect 

to  k^ftc9\  19 


Substituting  for  a, 
(1.5a), 


The 

subscri 

circuit 

voltagt 


Tx  L  *.  M..1  J  Llog.  (**  M..1IJ  '  ^  ^ 

From  Eq.  (1.52)  it  is  seen  that  a 
given  percentage  variation  of  ktHt,i 
will  produce  less  percentage  change 
in  Tt  for  larger  original  values  of 
kaUci.  This  indicates  the  desirability 
of  using  a  large  A;  as  a  means  of  min¬ 
imizing  variations  of  the  natural 
period  with  replacement  of  tubes,  i.e., 
with  changing  values  of  and  /?». 

Failure  to  satisfy  (1.9)  is  equiva¬ 
lent  to  decreasing  the  value  of  k. 
This  is  due  to  the  fact  that  C* 
does  not  charge  fully  to  As  a  re¬ 
sult,  the  net  active  voltage  in  the  cir¬ 
cuit  of  Fig.  1.3b  is  decreased. 

Since  the  change  in  the  period  of 
tne  MV  is  proportional  to  the  change 
in  the  logarithm  of  k,  (1.9)  can 
be  considerably  undersatisfied  with¬ 
out  introducing  excessive  error  into 
Eq.  (1.6a).  When  (1.9)  is  not  fully 
satisfied,  k  becomes  a  function  of 
C»,  Rt  and  the  value  of  i*,,  obtain¬ 
ing  at  the  plate  voltage  at  which  the 
tube  begins  to  pass  current.  Evalua¬ 
tion  of  fic,  as  EtJEc,  is  no  longer 
valid,  since  the  plate  voltage  is  less 
than  by  an  amount  equal  to  the 
charge  current  multiplied  by  Et. 
(See  Fig.  1.13).  The  magnitude  of 
Ec,  is,  therefore,  a  function  of  this 
charge  current. 

The  voltage  to  which  C*  discharges 
depends  upon  E„.  The  value  of  the 
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charging  current  at  any  instant  is  a 
function  of  the  voltage  across  Ck 
when  it  begins  to  charge.  This  cir¬ 
cle  of  inter-dependencies  renders  the 
solution  of  the  circuit  extremely  diffi¬ 
cult.  Any  equations  obtained  would 
be  cumbersome  and  hard  to  interpret 
for  practical  design  purposes.  If 
(1.9)  is  satisfied,  the  current  flowing 
in  the  circuit  of  Fig.  1.13  is  essen¬ 
tially  zero  when  the  tube  begins  to 
pass  current.  Consequently,  the  above 
circle  of  dependencies  is  broken  and 
the  solution  of  the  circuit  is  greatly 
simplified.  ' 

If  kt  becomes  a  function  of  Cki,  the 
interval  T,  is  no  longer  linearly  pro¬ 
portional  to  Cki.  The  departure  from 
linearity  is  usually  very  small.  Al¬ 
though  Tx  is  never  linearly  propor¬ 
tional  to  Rti,  for  most  practical  pur¬ 
poses  it  will  be,  if  Rti  is  considerably 
greater  than  RtJiit/iRtt  +  Ru).  \ 

SyaibeU  Used  !■  This  Paper 

The  numerals  1  or  2  appended  to  a 
subscript  indicate  the  section  of  the 
circuit  in  which  the  component  or 
voltage  is  located.  See  Fig.  1.0. 

Ci  •  Plate  to  grid  coupling  capacitor. 

Sn  Plate  supply  voltage. 

Em  *  Grid  supply  voltage. 

Em  *  Magnitudt  of  d-e  pid  voltage  required 
for  plate  current  cutoff. 

E,  ■■  Peak  amiditude  of  the  synchronising 
voltage.  Except  whoe  it  is  specdfically 
stated  to  the  contrary,  E,  is  considered 
positive. 

/•  «  Frequency  of  the  synchronising  voltage. 

_ 

1  I  n  •  I  Rvk  I 
i^+ Ruj 

^ _ 

MV  «  Multivibrator. 

N  ~  Ordo*  of  division  of  one  aynehronited  see- 
tion  of  multivibrator.  See  F%.  1.0. 

Ni  »  TilT,^  Order  of  division  of  Vi  and  its 
•ssociated  components, 
r  »  Fractioiud  part  of  N. 
ti  —  Fractional  part  of  Ni. 

D  Tw  D  I  Rta  Rim 

*■  r'+sTfRu. 

*■  L^'  +  Rm  +  RuJ 

Rk  B  d-c  plate  resistance  of  the  tube. 

Ri  ~  Grid  reostor. 

R,  Grid-cathode  resistance  of  the  tube. 

Rl  ~  Plate  resistor. 

(  ™  time. 

Ti  »  Non-conducting  time  of  Vi. 

7*1  Non-conducting  time  (rf  Vi. 

T'ar  ^  Ti  Tt  Period  of  the  multivibrator. 
T,  B  Period  of  the  synchronising  voltage. 

_ 1 _ 
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A  new  Timer  designed  te  give  the  highest  degree  of  precision  controi.  The  Series  S  Timer 
wiii  command  visual  and  audible  aHention  the  instant  a  time  interval  is  completed. 
This  Signalling  Timer  provides  for  the  automatic  closing  or  opening  of  a  circuit  at  the 
end  of  elapsed  time.  As  an  indication  of  the  versatility  of  the  Signalling  Timer,  it  will 
also  operate  additional  hussers,  bells  or  lights  at  remote  locations. 

FEATURES  OF  SERIES  S  SIGNALLING  TIMER 

Aegged  coesfrecfioe  Dial  eallbratloii  I  second  Motor,  slow  speed— 

Cowpocf  *  ">l""***  seH-sforflng 

S  iS  I  J'/t  inches  Maiimem  Interval  I  mlnete  Fere  tllvar  contacts 


te  5  minutes 

Maximum  Interval  I  minute 
te  3  hours 
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Head  Injuries 

{Continued  from  page  117) 


activity  has  been  measured  by  means 
of  the  potentials  developed  on  the 
skin  immediately  adjacent  to  the  con¬ 
tracting  muscles.  This  requires  small 
electrodes  attached  to  the  skin  at  the 
proper  points.  However,  the  level  is 
quite  low  (6-60  microvolts)  and  the 
noise  and  hum  pickup  are  excessive 
without  prohibitive  shielding  precau¬ 
tions.  For  this  reason  the  activities 
jof  the  eye  and  face  muscles  are  picked 
up  by  means  of  the  effect  of  imped¬ 
ance  changes,  between  the  electrodes, 
which  are  known  to  accompany  the 
activity.  The  latter  is  made  to  pro¬ 
duce  phase  shifts  in  a  2-Mc  signal 
fed  into  the  skin  electrodes. 

The  electrodes  are  very  small  white- 
gold  cups  filled  with  electrode  jelly, 
attached  with  a  small  piece  of  ad¬ 
hesive  tape,  and  connected  with  fine 
litz  wire.  Once  on,  they  are  prac¬ 
tically  unnoticable  to  the  patient 
Furthermore,  the  level  and  fre¬ 
quency  of  the  initial  signal  are  such 
that  hum  and  noise  problems  are 
completely  eliminated.  (One  of  the 
problems  of  this  research  is  to  verify 
the  correlation  between  actual  move¬ 
ments  and  the  accompanying  imped¬ 
ance  changes.  At  present,  the  evi- 
lence  in  favor  of  it  seems  very  good.*) 


vulcanii«d  fibr* 


^  /  I  iAEK 

j  pnd  piMnol  flbr*  part* 
low^r- 

— "  ■  inp  monwfoctwring  and 

assembling  costs  in  many  phases  of 
industry  Moreover,  these  precision  com¬ 
ponents  embody  a  high  degree  of  ocev- 
rocy  in  machining,  stamping,  pwncMng, 
sowirrg  and  drilling. 

■AER  Rbre  fabrications  find  extensive  use 
in  vital  work  requiring  on  insulation 
matorial  light  in  woighi,  tough,  resistant 
to  electrical  shock,  corrosion,  vibration, 
etc.  Send  for  new  Data  bulletin  120. 


bushings 


Sweat  Pickap 

The  amount  of  sweat  secretion 
is  measured  in  a  similar  manner.  A 
small  platinum  mesh  is  placed  on  the 
palm  of  the  hand  as  one  plate  of  a 
capacitor,  of  which  the  skin  is  the 
dielectric  and  the  interior  of  the  hand 
is  the  other  electrode.  During  secre¬ 
tion  a  column  of  conducting  fluid  con¬ 
nects  across  this  capacitor.  The 
pickup  thus  acts  like  a  “leaky”  ca¬ 
pacitor  in  which  the  amount  of  leak¬ 
age  is  taken  as  a  measure  of  the 
sweat  activity.  The  leakage  is  meas¬ 
ured  by  means  of  phase  shift  in  an 
r-f  circuit.  Again,  assumptions  are 
made,  based  on  fairly  good  evidence, 
the  amount  of  fluid  se- 


Therm 

Therm 

stand 


concerning 
creted  and  the  work  done  by  the 
These  likewise  le- 


secretory  organs, 
quire  verification, 

Mackoaieai-MovaiiiMt  Piekapt 

In  the  cases  of  respiration,  finger¬ 
tip  tremor  and  heart  action,  the  pick¬ 
ups  are  all  small  variable  capacifirrs 
which  are  made  to  modulate  the  fre 
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Therm  ador  Transformers  are 
Thermatite  treated  to  with¬ 
stand  extreme  temperatures 
and  humidity — arid  or  moist 
heat — dry  or  damp  cold  do 
not  hamper  their  efficiency. 
Thermatite  is  the  name  of  a 
process  of  accurate  heat  con¬ 
trolled  vacuum  impifgnation 
developed  and  improved  over 
a  period  of  ten  years. 

«/«•  mamm/metiirts  kmilt-im  Eltctrk 
Ettttrk  Rmmgts,  Eltttrk  Wmter 


THERMADOR 

llvctricoi  Manufacturing  Co. 
$U9  S.  Riv«r(i4t,  Los  Aogolts 


\  quency  of  an  oscillator  in  accordance  ! 
with  the  instantaneous  displace¬ 
ments.  The  respiratory  movements  j 
are  picked  up  by  means  of  a  pneu¬ 
matic  tube  around  the  patient’s 
chest,  connected  to  a  tambour  which 
in  turn  drives  the  variable  capacitor. 
For  the  finger-tip  tremor,  the  fingers  i 
rest  on  a  spring-mounted  variable 
plate  directly  over  a  fixed  shielded 
plate,  forming  a  unit  akin  to  the 
condenser  microphone.  The  move¬ 
ments  of  the  arterial  pulse  are  com¬ 
municated  to  a  smaller  identical  unit  j 
by  means  of  a  small  Incite  rod  resting 
lightly  on  the  wrist  over  the  radial 
artery,  giving  a  signal  on  the  basis 
of  which  heart  activity  is  derived. 

FM  Amplifiar  System 

Figure  2  is  a  block  diagram  repre¬ 
senting  the  type  of  amplifying  sys¬ 
tem  used  by  nearly  all  of  the  chan¬ 
nels.  The  pickup  is  represented  as  a 
variable  capacitator  connected  by 
means  of  a  coaxial  cable  across  the 
tank  circuit  of  a  “soft”  tuned  oscil¬ 
lator  (one  whose  frequency  can  easily 
be  varied)  which  is  frequency  modu¬ 
lated  in  the  standard  fashion.  In 
those  pickups  where  the  signal  is 
represented  by  a  phase  shift,  the  lat¬ 
ter  is  converted  into  equivalent  fre¬ 
quency  deviations  and  the  balance  of 
the  circuit  is  identical. 

The  oscillator  output  (of  the  order 
of  1  Me)  is  fed  into  a  series  of  con¬ 
ventional  frequency  multiplier  stages 
having  a  total  multiplication  varying 
from  about  40  to  250  depending  upon 
the  particular  indicator.  (Multipli¬ 
cation  is  used  to  secure  greater  fre¬ 
quency  deviation  and  thus  a  greater 
output  from  the  discriminator  cir¬ 
cuit.)  The  output  of  the  multipliers 
is  fed  through  a  standard  FM  cas¬ 
caded  limiter  to  remove  spurious 
amplitude  variations,  then  put 
through  a  conventional  FM  discrim¬ 
inator.  The  output  of  the  latter  is  an 
amplified  amplitude-time  function 
of  the  indicator  movements.  The  dif¬ 
ferentiator  circuit  following  the  dis¬ 
criminator  converts  this  signal  into 
a  velocity-time  function  in  which  the 
output  voltage  is  proportional  to  the 
instantaneous  velocity. 

The  circuit  for  center-frequency 
stabilization  operates  by  beating 
some  of  the  oscillator  signal  with  the 
output  of  a  stable  crystal  oscillator 
in  the  mixer  stage,  the  output  of 
which  is  fed  into  a  Crosby  discrimin¬ 
ator*  adjusted  to  deliver  zero  voltage 
when  the  oscillator  is  at  the  carrier 
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CBEi  Teclaicil  TriiilEg  EqiipsYoi 


with  tfce  Ability  U  Mtld  atd  la- 


prive  Ywr  NEW  RADIO  JOB! 

These  “tools”  are  the  symbol  of  the  trained 
engineer.  Knowing  how  to  use  them  and  apply 
them  is  an  indication  that  you  have  the  ability 
and  understanding  to  enjoy  a  responsible,  en¬ 
gineering  position. 

Your  ability  to  solve  tough  problems  on 
paper  and  then  follow-up  with  the  necessary 
mechanical  operation  is  a  true  indication  that 
you  have  the  confidence  bom  of  knowledge 
.  .  .  confidence  in  your  ability  to  get  and 
hold  the  better-paying  positions  and  enjoy  a 
secure  career  in  the  expanding  fields  of  radio¬ 
electronics. 

Now  is  the  time  to  do  some  post-war 
planning  of  your  own.  Investigate  CREI 
home  study  courses  that  offer  a  proven  pro¬ 
gram  for  personal  advancement.  One  CREI 
student,  a  broadcast  engineer,  recently  wrote: 
“/  found  your  course  sufficiently  advanced 
for  a  college  graduate,  and  of  an  engineering 
nature.” 
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frequency.  For  drift  above  and  below 
the  carrier  frequency  it  delivers  posi¬ 
tive  and  negative  voltages  propor¬ 
tional  to  drift,  actuating  a  reactance 
tube  that  changes  the  oscillator  tank 
circuit  tuning  to  compensate  for  the 
drift. 

The  Crosby  stabilization  scheme 
for  FM  modulators  is  especially  val¬ 
uable  for  some  of  these  channels, 
since  it  eliminates  the  slow  changes 
occasioned  by  the  patient  shifting  in 
the  chair.  (Acoustic  and  mechanical 
disturbances  picked  up  extraneously 
are  easily  eliminated  by  suitable  fil¬ 
ters  following  demodulation.  The 
latter  are  not  indicated.) 

A  definite  advantage  accrues  in 
using  FM  carrier  amplification.  The 
noise  level  in  most  hospitals,  where 
this  type  of  apparatus  would  be  ex¬ 
clusively  used,  is  usually  excessive. 
The  apparatus  is  necessarily  placed 
in  another  room  from  the  patient  and 
the  input  cables  are  apt  to  be  long. 
Since  in  some  cases  the  input  signals 
are  as  low  as  —85  db,  noise  and  hum 
pickup  is  commonly  experienced. 
Furthermore,  considerable  noise  en¬ 
ergy  exists  in  the  sub-audio  range. 
Consequently,  the  use  of  FM  results 
in  a  definite  advantage  as  regards 
signal-to-noise  ratio  over  a  d-c  am¬ 
plifier,  and  the  shielding  require¬ 
ments  are  much  less  stringent. 

CoNvcrliiig  Amplifiide  Signal  to  Energy 
Signal 

To  obtain  a  signal  proportional  to 
the  instantaneous  kinetic  energy,  it 
is  necessary  merely  to  square  the  ve- 

•  •  • 


ALTITUDE  CHAMBER 


RCA  Victor  onqineers  mode  this  traniparent 
altitude  chamber  for  aircraft  radio  eqidp- 
ment  tests  from  the  Plexiglas  nose  cone  of 
a  bomber.  It  permits  measurements  and  ob- 
serrodon  by  many  engineers  from  all 
directions 


locity  signal.  This  is  accomplished 
in  a  conventional  manner  by  utiliz¬ 
ing  the  curved  portion  of  the  charac¬ 
teristic  of  a  triode.  The  latter  is 
biased  to  cut  off,  and  the  operating 
potentials  are  adjusted  to  give  an 
output  voltage  which  is  proportional 
to  the  square  of  the  input  and  is 
hence  proportional  to  the  instantan¬ 
eous  kinetic  energy  of  the  input 
signal. 

The  double-triode  type  12SC7  tube 
in  the  circuit  of  Fig.  3  was  found  to 
be  highly  satisfactory  for  this  pur¬ 
pose.  The  proper  combination  of 
plate  resistance,  plate  voltage  and 
bias,  plus  a  careful  selection  of  the 
tube  itself,  give  a  dynamic  charac¬ 
teristic  which  is  very  closely  para¬ 
bolic  over  an  input  voltage  range  of 
more  than  three  volts.  As  a  result  of 
the  push-pull  input  and  parallel  out¬ 
put  circuit  the  odd  harmonics  are 
cancelled,  leaving  only  a  few  percent 
of  the  fourth  harmonic  as  distortion. 

Adjastlag  for  Sqaaro-Law  Oparafiea 

It  was  found  that  tubes  which  had 
been  aged  by  several  hundred  hours 
of  operation  could  be  most  easily  ad¬ 
justed  for  square-law  operation. 
Final  adjustment  of  the  circuit  is 
made  by  an  oscilloscopic  comparison 
of  the  input  and  output  signals  of  a 
sine-wave  voltage  pattern. 

If  the  input  signal  is  given  by 
e  =  E  sin  to  t,  then  i,  =  Ktfi  = 
KE*  sin*  <D  t,  or 

i, -K(f -f  co6  2c-f)  (1) 

Thus,  the  a-c  component  of  the 
output  signal  is  cosinusoidal  at  twice 
the  frequency  of  the  input.  A  more 
accurate  adjustment  initially  is  ob¬ 
tained  by  plotting  the  E,  —  I,  dyna¬ 
mic  characteristic.  The  d-c  compon¬ 
ent  of  the  output  represents  the  av¬ 
erage  energy.  Capacitor  C  may  be 
switched  into  the  circuit  of  Fig.  3 
to  filter  out  the  a-c  component  and 
provide  a  voltage  proportional  to  the 
average  energy  alone.  This  is  useful 
in  cases  where  the  instantaneous 
variations  are  too  rapid  to  be  re¬ 
corded  successfully  in>  the  manner 
described  below. 

Diffaraatiatiag  Cireaif 

For  purposes  of  analysis,  two  suc¬ 
cessive  time  derivatives  of  the  en¬ 
ergy-time  function  are  developed  by 
means  of  the  differentiating  circuit 
shown  in  Fig.  4.  If  the  reactance  of 
C  is  large  compared  to  R  for  all  fre- 
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quencies  contained  in  the  signal  be¬ 
ing  differentiated,  then  the  voltage 
developed  across  R  is  proportional  to 
the  rate  of  change  of  the  input  signal. 

The  rest  of  the  circuit  is  a  d-c 
amplifier  to  overcome  the  insertion 
loss  introduced  by  the  CR  network. 
The  gain  of  the  amplifier  is  adjusted 
to  equal  the  attenuation  of  the  high- 
est-frequency  signal,  for  which  the 
phase  shift  is  nearly  90  deg.  When 
X,  is  equal  to  about  lOOR,  as  in  the 
actual  circuit,  this  attenuation  is 
20  db.  The  amplifier  employs  a  dou¬ 
ble-section  triode  for  each  stage,  in 
such  a  way  that  zero  drift  is  prac¬ 
tically  eliminated.  Two  stages  are 
used  to  avoid  objectionable  phase  re¬ 
versal.  The  use  of  conductive  tube 
coupling,  also  described  by  Miller, 
leaves  a  positive  potential  of  some 
40  volts,  which  must  be  ballanced  out 
in  the  subsequent  counting  circuit. 

A  high  degree  of  regulation  is  re¬ 
quired  for  the  voltage  supply. 

The  second  derivative  may  be  ob¬ 
tained  by  cascading  two  such  differ¬ 
entiating  circuits.  However,  the  num¬ 
ber  of  such  circuits  which  may  be 
used  in  cascade  without  excessive 
distortion  was  found  to  be  limited  to 
two  at  these  frequencies.  This  is  due  I 
to  the  fact  that  noise  and  hum  fre¬ 
quencies  are  so  far  above  the  signal 
frequencies  that  they  are  transmitted 
through  the  differentiating  circuits 

•  •  • 

ITALIAN  SWITCHBOARD 


Vi«T7  oi  a  t*n-lin«  Italian  t*l*phone  switch¬ 
board  ior  iisld  use.  Switches  rothsr  than 
cords  are  used  ior  mokinq  connection. 
Except  ior  broken  transmitter  horn,  this 
captured  equipment  appears  to  be  in  op- 
eratinq  condition.  It  would  seem  thot  the 
microphone  and  its  support  might  easily 
be  damaged  by  accidental  closing  oi  the 
coTer  oi  this  unit 
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IlEIll  HEIGHTS 

JUST  as  the  snow-capped  mountain 
rears  its  majestic  peak  above  the 
clouds,  so  does  a  SINKO  Injection 
Molding  stand  head  and  shoulders 
above  ordinary  parts  and  products.  For, 
Sinko  craftsmen  and  methods  are  con¬ 
stantly  reaching  new  heights  of  per¬ 
fection  in  producing  injection  moldings 
of  surpassing  precision  and  excellence! 
Even  the  most  intricate  problems  of 
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employed  in  producing  products  vital  to 
VICTORY!  But,  we’re  also  planning 
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without  any  attenuation.  Conse¬ 
quently,  after  passing  through  two 
of  these  circuits  the  signal-to-hum 
and  the  signal-to-noise  ratios  are  re¬ 
duced  by  a  factor  in  the  neighbor¬ 
hood  of  10,000. 

In  view  of  the  excessive  interfer¬ 
ence  fields  encountered,  no  further 
amplification  could  be  tolerated.  The 
design  of  suitable  filters  to  overcome 
this  situation  is  impractical.  There 
is  also  the  consideration  of  increas¬ 
ing  amplitude  and  phase  distortion 
with  each  successive  stage.  Phase 
shift  is  particularly  objectionable  in 
differentiating  circuits. 

Since  it  is  considered  to  be  likely 
that  a  greater  number  of  successive 
derivatives  would  be  of  value  in  the 
analysis  of  the  fine  structure  of  the 
various  energy-time  records,  the  de¬ 
velopment  of  other  methods  of  ob¬ 
taining  derivative  signals  was  con¬ 
sidered,  in  which  the  attenuation 
would  not  be  so  great.  A  method  for 
obtaining  successive  derivatives  from 
the  quantized  time-axis  records  of 
the  energy  signals  is  described  later. 

CoHMtiag  Circait  Provides  Qaaotisod 
TIoM-Azis  Racerd 

The  output  of  the  square-law  stage 
and  associated  differentiators  are 
individually  connected  to  the  input 
of  a  counting  circuit  like  that  in  Fig. 
6.  The  purpose  of  the  counting  cir¬ 
cuit  is  to  convert  an  amplitude-vari¬ 
able  signal  into  a  frequency-variable 
one.  The  circuit  generates  short 
pulses  at  a  rate  directly  proportional 
to  the  amplitude  of  the  input  signal. 
The  counting  circuit  is  an  adaptation 
of  the  voltage  integrator  circuit  de¬ 
veloped  by  Stevens  of  Harvard  Uni¬ 
versity.* 

The  operation  of  the  counting  cir¬ 
cuit  may  be  seen  in  the  simplified 
diagram  of  Fig.  6.  It  consists  of  a 
bridge  circuit  which  has  pentode 
tubes  12SJ7(1)  and  12SJ7(2)  as  two 
of  the  arms.  Assume  that,  with  zero 
input  voltage  to  tube  12SJ7(1),  the 
bias  voltages  of  these  tubes  are  so 
adjusted  that  the  potential  of  point 
A  is  equal  to  the  potential  of  point  B. 
An  input  voltage  will  upset  the  bal¬ 
ance  of  the  bridge  by  changing  the 
plate  circuit  resistance  of  12SJ7(1), 
causing  a  change  in  the  potential  at 
point  A  and  establishing  a  difference 
of  potential  across  Cu  If  the  input 
voltage  increases  negatively,  a  posi¬ 
tive  potential  will  appear  from  A  to 
B,  charging  capacitor  Ci  through  the 
plate  circuit  of,  12SJ7(2).  Since 
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12SJ7(2)  is  operated  as  a  constant- 
current  tube,  the  charging  current 
^11  also  be  constant  If  /«  is  the 
charging  current,  then  I,  =  dQ/dt, 
v;hich  is  a  constant,  and  Q  =  kt  +  K. 

The  voltage  across  capacitor  Ci  at 
at  any  instant  is  E  =  Q/C,=  kt/Cx+ 
KiCi.  The  voltage  across  the  capaci¬ 
tor  thus  increases  linearly  with  time, 
and  the  rate  at  which  it  increases  is 
proportional  to  the  signal  voltage  at 
the  input  of  12SJ7(1),  provided  it  is 
not  too  large. 

If  a  means  is  provided  of  suddenly 
discharging  the  capacitor  when  the 
voltage  across  it  has  reached  a  pre¬ 
determined  critical  value,  then  the 
rate  at  which  it  is  so  discharged  is 
directly  proportional  to  the  amplitude 
of  the  input  signal  over  its  range  of 
operation.  An  Eccles-Jordon  trigger 
circuit*  is  connected  across  the  capac¬ 
itor  as  shown  in  Fig.  5  and  is  so  ad¬ 
justed  as  to  trip  when  the  positive 
voltage  between  A  and  B  has  reached 
a  value  determined  by  the  setting  of 

I  the  bias  potentiometer.  This  value 
may  be  about  1  or  2  volts. 


Fig.  8 — Ptn-writtng  unit  containing  20'P«n 
Esterline-Angus  operation  recording  unit 
and  tope  puller 


A  fast-acting  micro-relay  in  the 
plate  circuit  of  the  first  section  of  the 
12SC7  trigger  tube  short-circuits  the 
capacitor,  discharging  it  almost  in- 
istantaneously.  The  discharging  pulse 
causes  the  trigger  circuit  to  reverse 
itself  into  its  original  position,  and 
the  capacitor  begins  to  charge  over 
again.  At  the  break  of  the  upper 
contact  of  the  relay  a  35L6G  tube  is 
momentarily  brought  into  operation, 
causing  an  intensive  short  pulse  of 
current  to  flow  in  its  plate  circuit. 
The  current  flows  only  during  the 
action  time  of  the  relay,  since  it  is 
biased  to  cutoff  at  all  other  times. 
These  pulses  are  fed  into  the  field 
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coils  of  an  electromagnetic  lever 
which  causes  an  ink-writing  pen  to 
make  a  lateral  mark  on  a  strip  of 
moving  paper.  Examples  of  the  t}rpe 
of  record  may  be  seen  in  Fig.  7.  A 
bank  of  20  such  pens  was  obtained 
from  an  Esterline- Angus  operation 
recorder  and  was  adapted  as  shown 
in  Fig.  8  for  use  with  a  6-in  wide 
paper  tape. 

Advaafaga*  of  Tima- Axis  Rocordiag 

Time-axis  recording  is  especially 
suitable  for  very  low-frequency  sig¬ 
nals.  If  the  counting  circuit  is  linear 
and  sufficiently  rapid,  we  may  ob¬ 
tain  in  one-eighth  inch  of  width  on 
the  paper  a  record  which  would  re¬ 
quire  at  least  one  inch  for  a  standard 
amplitude  record  without  loss  of 
resolution.  A  transcription  from  this 
tjrpe  of  record  to  a  standard  ampli¬ 
tude  record  could  easily  be  made,  if 
desired.  This  could  be  done  by  erec¬ 
ting  an  ordinate  from  the  mid  point 
of  the  interval  between  two  succes¬ 
sive  pulse  marks  to  a  height  inversely 
proportional  to  the  interval.  Such 
transcriptions,  however,  are  not  con¬ 
templated  for  the  purposes  of  this 
work. 

Twenty  time-axis  records  are  made 
simultaneously  on  the  inexpensive  fl¬ 
inch  wide  paper  tape.  Seven  are  en- 
ergy-time  functions  of  the  various 
psychophysiological  indicators  and 
thirteen  are  various  first  and  sec¬ 
ond  time  derivatives.  Both  economi¬ 
cal  and  clinical  considerations  de¬ 
mand  that  all  records  be  made  simul¬ 
taneously.  A  further  advantage  of 
being  able  to  observe  possible  pattern 
effects  is  derived  from  observing  all 
the  functions  in  juxtaposition.  Even 
with  a  sacrifice  in  dynamic  range, 
twenty  standard  amplitude  records 
would  require  a  paper  strip  several 
feet  in  width.  The  operation  of  such 
a  recorder  would  be  prohibitively  ex¬ 
pensive  on  a  clinical  basis. 

Perhaps  the  greatest  advantage  of 
time-axis  records  is  the  fact  that  the 
integral  of  the  energy-time  function 
over  any  interval  is  obtained  by 
merely  counting  the  number  of  pulses 
over  the  interval.  Referring  to  Fig. 
9,  an  energy-time  function  E  =  Fit) 
is  represented,  together  with  its  time- 
axis  record,  which  is  shown  as  a 
series  of  pulse  marks  along  the  time 
axis.  From  the  operation  of  the 
pulse-generating  circuit,  it  is  clear 
that  the  instantaneous  pulse  fre¬ 
quency  is  inversely  proportional  to 
the  instantaneous  amplitude  of  E. 
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Thus,  E  =  An,  where  n  =  the  in¬ 
stantaneous  pulse  frequency  and  ^4 
is  the  proportionality  constant.  If  we 
represent  the  instantaneous  pulse  in¬ 
terval  by  At,  then  we  can  put  % 
equal  to  1/At,  so  that  E  =  A/At  or  A 
=  EM.  We  see  that  this  constant 
represents  the  area  of  the  shaded 
rectangle,  and  that  this  area  must 
be  the  same,  regardless  of  the  par¬ 
ticular  interval  for  which  it  is  meas¬ 
ured,  since  as  At  decreases  E  must 
increase  in  proportion,  and  vice- 
versa. 
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Ftg.  9 — Illustration  of  relattonship  between 
an  amplitude  record  (heavy  curve)  ond  a 
time-axis  record  (short  black  pulse  lines 
along  time  axis) 
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Thus,'  when  the  circuit  is  cali¬ 
brated  and  the  value  of  A  determined, 
the  area  under  the  curve  is  obtained 
by  the  simple  process  of  counting 
the  pulse  marks.  Each  pulse  repre¬ 
sents  an  equal  increment  of  area,  and 
may  be  likened  in  this  case  to  a 
“quantum”  of  the  energy  signal.  In 
view  of  the-fact  that  more  than  hall 
a  mile  of  paper  tape  is  used  for  each 
patient  in  the  initial  study,  this 
method  of  obtaining  the  integral  of 
the  signals  while  at  the  same  time 
their  individual  charac- 
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It  is  also  evident  from  Fig.  9  that 
the  derivative  of  the  function  at  any 
point  P  may  be  likewise  obtained 
from  the  time-axis  record  directly. 
From  the  figure  it  is  seen  that 
/dE\  £sE  A  (1/Afi  -  1/Afe) 
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(Since  E  =  A/Af,).  Actually  this 
quantity  is  the  slope  of  the  line  XT). 

The  expression  on  the  right  in  Eq. 
(2)  affords  a  means  of  obtaining  the 
derivatives  of  the  time-energy  func¬ 
tion  electronically.  A  relatively  sim- 
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MACHINE  SCREWS 

•  ALL  METALS,  h««ds,  t  h  r  •  a  d  s  , 
points  and  platings.  Claan— no  burrs 
on  slots.  No  undarsixa  or  ovarsha 
scraws.  Corract  tolarancas  to  AN  or 
commarcial  spacifications. 

Prompt  quotations  on  "Spacials." 
All  supplamantary  oparations  such  as 
drilling,  multipla  drilling,  knurling, 
slotting,  ate.  Samplas  on  raquast. 


ALUMINUM  WASHERS 

Aluminum  washars  from  all  standard 
dias  shippad  in  two  waoks.  Prompt 
sarvica  on  spacials — also  brass  and 
staal  In  any  plating — AN  or  commar* 
cial  spacifications.  Ask  for  samplas. 


STRONGHOLD  "In  Stock"  Record 

Publishad  monthly  for  tha  convanianca  of 
buyart  of  Aviation  and  standard  fastanars. 
Shows  stocks  on  hand  for  immadiata  ship- 
mant.  Drop  us  a  lina  if  you'd  lika  to  ba 
on  our  mailing  list  for  this  spacial  copy- 
rightad  sarvica. 

It's  Fostar  to  Talaphoaa 
CoU  WfHHofcoil  4M0 

MANUFACTURERS 
SCREW  PRODUCTS 

270  W.  HUMARD  ST..  Cliicogo  10,  III. 


pie  circuit,  controlled  by  the  succes¬ 
sive  pulses,  can  be  made  to  generate 
a  voltage  proportional  to  the  deriva¬ 
tive.  For  example,  a  capacitor  which 
is  charged  to  a  fixed  voltage  initially 
can  be  made  to  discharge  through  a 
constant-current  tube  for  a  period 
of  time  equal  to  At,.  The  voltage 
remaining  at  the  end  of  the  in¬ 
terval  is  proportional  to  1/Ati.  The 
second  pulse  is  then  made  to  initiate 
a  similar  discharge  from  a  second  ca¬ 
pacitor  throughout  the  period  At,.  If 
the  first  capacitor  can  be  made  to 
hold  the  charge  remaining  at  the  end 
of  the  second  pulse  until  the  end  of 
the  third  pulse,  and  both  capacitors 
are  connected  in  subtractive  series, 
the  overall  voltage  is  proportional  to 
(1/Ati  —  1/At,).  The  latter  is  passed 
through  a  modulator  tube  whose  gain 
is  controlled  by  the  original  signal  E, 
so  that  its  output  is  proportional  to 
£7(1/Ati  -  1/At,). 

This  procedure  may  be  repeated 
many  times  without  introducing  ser¬ 
ious  distortion  and  furthermore,  it 
is  not  subject  to  the  attenuation  and 
interference  difficulties  of  the  circuit 
of  Fig.  4.  An  instrument  embodying 
this  principle  is  at  present  being  de¬ 
signed  in  conjunction  with  means  for 
automatically  totaling  and  averaging 
the  plurality  of  time-axis  records. 

Auxiliary  equipment  necessary  for 
the  calibration  and  monitoring  of  the 
various  channels  had  to  be  con- 


ELECTRONIC  GUN  FOR 
STUDENT  PILOTS 


Student  pilots  in  the  U.  S.  Nary  gun¬ 
nery  practice  with  this  llghtbeam  gun. 
An  optical  gunsight,  similar  to  the  one 
used  in  fighter  plones.  is  used  to  spot  the 
target.  The  gun  shoots  o  llghtbeam  at  the 
model  plone  and  the  score  is  recorded  by 
a  phototube 


04  06  as 

SIPOT  VOLTS  - - 

Calibration  curre  of  a  typicol  counting  cir¬ 
cuit  (solid  line),  indicating  a  useful  operat¬ 
ing  range  up  to  approximately  1  Tolt 

structed  especially  for  this  apparatus. 
A  mechanical  sine  wave  generator 
ranging  from  10  cps  down  to  0.05  cps 
provides  a  signal  generator  for  test¬ 
ing  purposes.  Frequency  control  is 
obtained  by  means  of  continuously 
variable  ratio  drive.  A  low-fre¬ 
quency  oscilloscope  having  a  long- 
persistence  screen  was  constructed 
for  visual  monitoring  and  used  with 
.a  Du  Mont  model  215  linear  time 
base  generator.  Many  other  smaller 
pieces  of  equipment  were  designed 
and  constructed  for  the  use  of  this 
study.  These  include  scaling  circuits, 
erating  disagreeable  sounds,  as  well 
as  electro-mechanical  devices  for  the 
purpose  of  applying  stress  to  the 
patient. 

Aaolysit  of  tho  Rocordt 

Since  the  fundamental  orientation 
of  the  problem  is  to  seek  characteris¬ 
tic  differences  between  normal  and 
abnormal  records  of  the  energy-time 
functions  which  represent  the  activ¬ 
ity  of  certain  psycho-physiological 
indicators,  it  is  apparent  that  an  ac¬ 
curate  waveform  analysis  of  these 
functions  is  a  prime  requisite.  Prac¬ 
tical  considerations  for  clinical  appli¬ 
cation  require  the  pertinent  anal¬ 
yses  to  be  performed  automatically 
and  instantaneously — in  other  words, 
electronically.  The  difficulty  involved 
in  obtaining  by  electronic  means 
Fourier  transforms  of  signals  at 
these  frequencies  need  hardly  be  de¬ 
scribed.  It  is  partially  for  this 
reason  that  the  successive  derivatives 
are  recorded.  The  higher  order  de¬ 
rivatives  tend  to  magnify  small  dif¬ 
ferences  in  the  fine  structure  of  the 
waveform  that  would  otherwise  be 
masked,  and  it  may  well  be  that  the 

(Continued  on  page  362) 
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desired  answer  may  be  obtained  electronically  without  undue  diffi- 
from  an  array  of  derivatives.  culty  accordinf?  to  methods  already 

There  still  exists  the  possibility  developed, 
that  a  Fourier  analysis  may  be  ap¬ 
plied  to  this  problem.  The  type  of  in-  Cosclutioii 

put  functions  which  are  recorded  to-  In  view  of  the  magnitude  of  the 
gether  with  their  time  derivatives  task  described  above,  the  apparatus 
are  at  best  quasi-periodic,  with  no  has  assumed  somewhat  gargantuan 
two  subsequent  cycles  superimpos-  proportions.  When  and  if  a  satisfac- 
able.  However,  on  the  basis  of  the  tory  diagnostic  method  has  been 
fact  that  there  exists  a  fundamental  evolved,  the  process  of  simplification 
similarity  in  the  activity  of  a  given  will  begin.  Owing  to  the  difficulty  of 
indicator  organ  at  all  successive  anticipating  the  crucial  factors  and 
times,  we  may  attempt  to  obtain  the  the  pressure  under  which  this  re¬ 
harmonic  amplitudes  of  each  succeed-  search  is  being  done,  the  massive  ap¬ 
ing  cycle  of  activity  considered  by  it-  proach  to  the  problem  was  judged 
self  and  then  to  apply  statistical  pro-  most  likely  to  yield  significant  re- 
cedures  to  obtain  a  representative  or  suits  in  the  shortest  time.  The  final 
average  cycle  in  terms  of  which  the  justification  of  the  effort  involved 
activity  may  be  represented  as  a  must  await  the  compilation  of  case 
completely  periodic  function.  This  records  at  present  being  taken.  In 
seems  to  be  the  only  basis  upon  which  the  meantime  it  is  hoped  that  this 
such  an  analysis  would'  have  mean-  description  will  serve  as  a  stimulus 
ing,  and  it  seems  equally  logical  that  for  the  application  of  newer  and 
a  Fourier  analysis  of  the  equivalent  more  powerful  electronic  methods  in 
periodic  function  will  be  a  powerful  the  problems  of  medjcal  research.* 
method  of  rooting  out  the  character¬ 
istic  differences. 

The  recorded  data  give  us  an  evalu¬ 
ation  of  the  function  and  its  succes¬ 
sive  derivatives  at  any  point.  We 
may  use  these  values  as  the  basis  of 
analytically  computing  the  ampli¬ 
tudes  of  successive  harmonics,  thus 

T.  -  A .  -I-  jB.  -  * 

*■ 

where  F,  represents  the  harmonic 
vector  amplitudes  and  T  is  the  time 
interval  equal  to  a  single  period. 

The  function  F(t)  may  be  devel¬ 
oped  in  a  Maclaurin’s  series: 

Fit)  ^  C,  +  Cit  +  +....+  CjP^ 

where  the  (7s  are  given  by 
-  ^  1  diF(0)] 
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EQUIPMENT  for  the  war  effort. — 

(1.)  MUST  perform  up  to  highest 
standards. 

(2.)  MUST  continue  to  perform  ir¬ 
respective  of  climatic  variations. 


That  is  why  AUDAX  magnetically 
powered  pickups  are  selected  for  war 
eontracts.  In  building  pickups  under 
such  contracts,  we  do  not  have  to 
ehange  our  peacetime  specifieations  be¬ 
cause  such  MUSTS  have  always  been 
a  basic  requirement  in  AUDAX  Instru¬ 
ments. 


The  sharp  clean-cut  facsimile  repro¬ 
duction  of  MICRODYNE  —  regardless 
of  climatic  conditions — is  a  marvel  to 
all  who  have  put  it  to  the  only  test  that 
really  counts  .  .  .  the  EAR  TEST. 


and  whose  values  are  obtained  num¬ 
erically  from  the  records  at  the  be¬ 
ginning  of  the  cycle.  Substituting  in 
the  above  integral,  we  get 


WITH  OUR  COMPLIMENTS 

A  copy  of  “PICKUP  FACTS”  is 
yours  for  the  asking.  It  answers 
many  questions  concerning  record 
reproduction. 


If  the  function  can  be  represented  by  Modulators,  rca  Review,  July  i»4o. 

(4)  Stevens,  S.  S.,  Rectilinear  Rectlllca- 
the  power  series  in  the  interval  of  Applied  to  voltage  integration,  blec- 

convergence  of  its  corresponding  tronics,  p.  40,  jan.  1942. 

Fourier  development,  by  the  use  of  a  ^Eiec“ron‘‘’TubeV\'  McUrTw^Hiii'ft^ 

reasonably  small  number  of  signifi-  p- 

cant  coefficients,  then  the  VJs  can  .ugSssK'a^tpw  pwsL^^^ 

be  obtained  through  this  relationship.  p%bTeL^^^^^ 

When  the  integrations  are  per-  paper  is  scheduled  to  appear  in  a  forthcoming 
,  ,  .  ...  ,  issue  of  the  Journal  of  P$ifchosomatic  Meat- 

formed,  the  successive  amplitudes  cine. 

are  obtained  as  convergent  series  in-  — 

volving  the  numerically  known  de-  FIFTY  U.  S.  FIGHTER  PLANES 

rivative  coefficients.  The  whole  oper-  shoot  away  lUfiOO  pounds  of  copper 

ation  could  conceivably  be  performed  in  one  minute. 
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